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FRASER 


in every industry | 








Top illustration shows a combined high and low 
pressure deliyery tvpe Mono-Radial Pump Because 
Its Compactnes ind suitability for self-contained 
hydraulic equipment, this type of Mono-Radial Pump 
was thosen by Messrs. R. Hoe & Crabtree Lu 

for rasp etentss lens fit a Toland: (sim meme elim shuele tiles rieab amaleleiieliary 


Press (also sh 


FRASER MONO-RADIAL HYDRAULIC PUMP 


Every hydraulic pumping need is met by Fraser 


VALVES be He Pumps. The range includes single pressure, combined 
~ high and low pressures and infinitely variable 
M Radial ( \ . delivery Pumps. Designed for use with all tvpe 





machinery, Fraser Pumps give efficient, long and 


reliable service under the most arduous 








Operating condition 





ANDREW FRASER & CO LTD 29 BUCKINGHAM GATE LONDON SWI TEL VICTORIA 6736-9 











Ford industrial engines are a practical proposition for 
many industrial equipments ... compressors, cranes, 
pumps, contracting equipment, earth borers, generators, 
railcars, welding plant, works trucks, tractors and 
conversions. Simple design, modern flow-line production 
methods and common interchangeable parts contribute 
to the low cost of these high efficiency engines. And 
remember, every Ford engine is fully backed by a 


lea & mm mw BR me 





industry 


World-wide Spare Parts Service Organisation. Take 
your choice from a wide power range . Diesel 30 to 
86 b.h.p. and Petrol 21 to 87 b.h.p. (12-hr 
DIESEL ECONOMY—have you 
replacement of existing power units in your equipment 
and trucks with the famous Ford 4D Diesel engine ? 


rating) 


considered the 


You'll have the unique advantages of economy, long-life 


andlowrunningcosts ... plus the best sery ice in the World 





Wherever you are, whatever your problem, we are at your service. For further details of 


8 90H 


INDUSTRIAL 
ENGINES 


and the equipments they power, contact your nearest Ford Dealer or write to 


FORD MOTOR COMPANY LTD 
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PARTS DIVISION - AVELEY DEPOT 


' SOUTH OCKENDON ROMFORD ESSEX ENGLAND 
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in rectifier 
equipment 


you need EE.C. reliability 


G.E.C. manufactures rectifier 


E&S6.C. equipment to suit the needs 
© e * 


of every industry. 


RECTIFIER EQUIPMENT 


SELENIUM AND GERMANIUM 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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Power for many purposes. Power to 
drive efficiently your plant or product. 
Power—at slow speed—single, 

double or triple reduction units giving 
45 different gear ratios driven by 
motors of up to | h.p. 

Power—from sturdy dependable 
G.E.C. Fractional Horsepower Geared 
Motor Units. 


Fully detailed illustrated publication 
on application. 


fractional h.p. 


GEARED MOTOR UNITS 
THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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There is danger here — danger to sight and limbs. But 
safety can so simply take the place of that danger. ‘‘Armourplate”’ 
glass shields give certain protection. And because the operator can 
see what is happening he works more confidently and efficiently. 


Accident rates drop, and production rises when ‘‘Armourplate’”’ glass 
shields are fitted. 


FOR SAFETY WITH VISION FIT 


“ARMOURPLATE’ GLASS 


PILKINGTON BROTHERS LIMITED 
Consult the Technical Sales and Service Department at St. Helens, Lancs. Telephone: St. Helens 4001 


or Selwyn House, Cleveland Row, St. James's, London, 8.W.1. Telephone: Whitehall! 5672-6 


*aRMOURPLATS”’ i9. a registered trade mark of Pilkington Brothers Limited. Supplies are available through the usua) trade channels 
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Electric furnaces, ovens and kilns 





Electric melting furnace supplied to “ Porge de Clabece ( Belgium) 
capacity 22 tons 


Some of our products : 


For all Electric furnaces for metaliurgical processes : 


; d t = | Arc and high-frequency induction melting furnaces, 
n us ria power-frequency melting furnaces for grey cast iron 
and non-ferrous metals, annealing and hardening furnaces, 


appl ications drying ovens for foundries. 


Electric kilns for the ceramics industry : Muffle, truck- 
type and tunnel kiins. 


Brown Boveri electric furnaces, kilns and stoves increase production, 
enhance the quality of products and enable new markets to be tapped. 


BROWN, BOVERI & CO., LTD., BADEN (SWITZERLAND) 





Representotives in most countries. 
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@ ALLEY & McLELLAN LIMITED, GLASGOW 


e t <p . — 
Shee te 
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$ eg outstanding features vd 

his 6 ft. radi di d high- 
D Radial ied colts are telly mapteteed ta ‘ is 
HIGH SPEE well-equipped Glasgow workshop. Typical 


work includes gas engine crankcases, in which over 


a s 


300 holes are drilled, ranging from ¢ in. to 2 in. Models 


Mi 17) gd Dury are available with 4 ft., 6 ft., and 7 ft. spindle radius. 


JAMES ARCHDALE & CO. LTD., LEDSAM STREET, BIRMINGHAM 16 


Member of the Staveley Coal & Iron Co. Ltd. 
SOLE AGENTS: ALFRED HERBERT LTD., COVENTRY 
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For the 


fabrication 


“a Abbot ish Na 







of wire products 


Weldmesh 


in rolls or sheets 


Poe Pe he ie de 


ie «=€6_his: an ideal 


material 


Cut it to the shape you want—it holds together because 

it’s welded together. it can be readily fitted to all types of 

steel section, does not require additional frame bars and combines strength 
with economy, together with ease of application. 


A technical service is available to handle any problems. 


Weldmesh is a registered trade name and is supplied direct to users by the sole manufacturers 


THE B.R.C. ENGINEERING CO. LTD., STAFFORD 


London, Birmingham, Bristol, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 
Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W./ 


“oo 
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Area Gas Board Engineers enable you to economise on fuel and labour. 


An annealing furnace was converted from producer gas to town gas firing by an Area Gas Board 
for a manufacturer. The result was reduced maintenance and radiant tube renewal costs, 
better combustion efficiency and a better output for the same fuel consumption. 


It’s well worth while to CONSULT YOUR AREA GAS BOARD 





Mr Thern:’s industry is Live and Vital 
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Buses, trams, cars and aircraft would literally grind to a stop were it not for 
frictionless movement of their metal parts. Just as important as lubrication are 
carefully heat treated bearing surfaces. Town gas of known declared calorific 


value is the most effective fuel for all heat treatment processes 
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Dexterity 
In 
WELDING 








Tube plate for a Heat Exchanger, 
incorporating 5,518 tubes } in. dia., 
and involving 1,078 footage of 
welding. 


Harvey 


G. A. HARVEY & CO. (LONDON) LTD. 
Woolwich Road, London, S.E.7 
Telephone: GREenwich 3232 (22 lines) 


THE ENGINEERS’ DIGEST] 














COARSE AND 
MEDIUM SCREENING 


Two bybbe? mounting units 
on cack sidd support shaft 
assemb 


One rubbed mounting unit 
at each corner supports 
screen bod) 


TY-ROCK full floating screen 


High capacity coarse and medium screening for crushed rock, 
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gravel and other materials with sizings up to 10 in. opening 
Moving parts of the screen float entirely on rubber giving 

absolute freedom to develop maximum screening capacity. Massive 
rubber mountings support the shaft assembly, to absorb vibration 
completely. Ty-rock screens are available in many sizes with 

either single, double or triple screening surfaces 







IONAL COMBUSTION PRODUCTS LIMITED 


LONDON OFFICE: NINETEEN WOBURN PLACE, W.C.1. TELEPHONE TERMINED 28d) 





WORKS: DERBY 
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But uy comt they use, muy wmognot 7” 


“Well, you see Johnny, it’s 
because your sort of magnet can’t 
be switched ‘on and off*!”’ 














“Huh! I wouldn't like mine to do that!” 


“I know, but then you don’t use yours 
to control water or gas and things.” 


“Control water or gas? 
Seems stupid to me—why can't 
they use a tap like Mum does?” 


“Ah! But using a tap 
means that you rely on 
what’s called the “human 
element’. That’s why 
these valves are fitted to 
do things automatically 
without people being involved.’ 











“Mr. Stevens told me they make 
chocolates with them!” 


“That's right, but not exactly to make chocolates, MAGNETIC VALVES 
to help make them. Mushrooms too!”’ ARE USED EXTENSIVELY IN 


AIR CONDITIONING - AUTOMATIC STOKERS 


“Cor! 1 like mushrooms.” (Throwing away magnet) BOILERS - CENTRAL HEATING 


Can I have some for tea: CRUCIBLE BAKING OVENS - DYEING 





GAS GENERATING PLANT - OIL BURNERS 
* HYDRAULIC & PNEUMATIC CYLINDER MECH- 
Seriously though, Magnetic Valves have earned an ANISMS - VENTILATION - VACUUM PUMPS 
enviable reputation for absolutely reliable control of water, steam, 
coal-gas, oil, air, refrigerants and many other industrial liquids 
and gases. (Without using glands, stuffing boxes or driving 
shafts, either !) Full details are in our new Brochure No. 61. 
Why not write NOW for your copy? 


HOT WATER SERVICES - TINNING BATHS 







LAUNDRY PLANT - MACHINE TOOLS 
NUCLEAR POWER PLANT - REFRIGERATION 
STERILISING PLANT - STEAM TURBINES 


Magnetic Single-Beat Stop Valve 
with Flameprooj Solenoid Enclosure 





Magnetic 

‘P’ & PR’ Type 

Magnetu Safetyg High Pressure 
Cut-Out Valve Stop Valve 








The Magnetic Valve Company Ltd 


28 ST. JAMES'S PLACE LONDON SWI + TELEPHONE HYDE PARK 7588 





~ 
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POSITIVE WARNING 


With Vokes Filter Servicing Indicator 


Easily fitted to existing filters, the Vokes Filter 
Servicing Indicator is an inexpensive, mechani- 
cally operated unit. Fitted by copper tubing to 
the inlet and outlet sides of the filter, it clearly 
indicates when the filter element is approaching 
the recommended maximum differential pressure 
through the collection of contaminants. It can 
be adjusted and pre-set to operate over a wide 
range of filter differential pressures and is nor- 
mally pre-set at the works to suit the application 
required. Full details of this new Vokes product 
will gladly be sent on request. 





OPERATION 


The outer case incorporates a diaphragm dividing the case into high and low 
pressure compartments, cach compartment being connected to the appropriate 
pressure side of the filter via capillary tubing. Any difference in pressure, and sub- 
sequent movement of the diaphragm, applies pressure to an overcentre snap-action 
spring giving magnified movement at one end. This actuates a vividly coloured 
thimble, which enters a transparent dome, and is immediately seen externally 


Pioneers of Scientific Filtration 





VOKES LIMITED - GUILDFORD : SURREY 
Tel.: Guildford 62861 (6 lines). Telegrams and Cables: Vokesacess, Guildford, Telex Telex: 13-535 Vokesacess, Gfd 


Vokes (Canada) Lid., Toronto Vokes Australia Pty. Lid, Sydney Represented throughout the World 
vive 


FEBRUARY, 1958 Volume 19, No. 2 Ai} 





Partnership----—- 


More and more 


Hydraulic and Pneumatic installations, 
including Welding Equipment, depend 
upon VIM Leather Packings for efficient 
operation. 


Resistant to oils, acids, gases and high temperatures, VIM 
Packings are guaranteed to outlast any other leather packing 
for similar application. 

Into partnership with VIM Packings go our Hydraulic Oils 
that have an unusually even viscosity through widely 
fluctuating temperatures—meaning high performance and 
less mechanical wear and tear. 

Of special interest to users of welding machinery is the new 
type Fire Resistant Hydraulic Fluid—HOUGHTO-SAFE 
271. 

As leading suppliers of Packings and Hydraulic Fluids we 
render an unparalleled service on both—and compatibility 


FEdear 
Vauehan 


€ Co. Ltd 


BIRMINGHAM - 4: ENGLAND 


Works and depots at: 
Birmingham, Manchester, Liverpool, Southall 
(Middx.), Bristol, Glasgow 








Al4 THE ENGINEERS’ DIGEST 











FIRST IN THE FIELD—AND STILL IN THE LEAD 







* A-W holder 
Weight 14 oz 


The NEW Lincoln-Jackson 
Fully Insulated Electrode Holders 


Acclaimed in the U.S.A. as their leading 
electrode holders, the new Lincoln-Jackson 
electrode holders A-W and JH-2, are now 
being manufactured by the Lincoln Electric 
Company Limited, the largest manufac- 
turers of D.C. Welding Equipment in the 
United Kingdom. 

Careful and clever design of the long handle has resulted 
in greater ventilation, which enables the welding operator 
to complete all the extra ‘hot-jobs’ without discomfort. 

The fully insulated, replaceable crown jaws of the latest i 
Lincoln-Jackson holders ensure greater heat resistance and 
durability. The jaws are made of 98°,, copper alloy, which 4 
is treated for greater hardness and conductivity, yet the ob JH-2 holder 
Holders remain feather-light in weight. Weight 9} o 

The insulation of both these excellent electrode holders 
gives full protection from accidental arcing to the welding 
operative and his work throughout the entire operation. 

The Lincoln-Jackson holders are trouble-free and provide 
consistent service to the user, whilst fully interchangeable 
replacement spares at a moderate cost are easily obtainable 
and simple to fit. 

For a reliable performance and superlative efficiency, the 
new Lincoln-Jackson Electrode Holders A-W and JH-2 are 
undoubtedly the best available in the United Kingdom. 


LINCOLN ELECTRIC CO LTD + WELWYN GARDEN CITY - HERTS - WELWYN GARDEN 920 (5 lines) 4581 (5 lines) 
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VERTICAL 
_ MILLING 


WITH THE > 
st At | 6() 
| i 


| The Bs Up Co. Lid. Schouten 


THE CVM.60 combines maximum production with A 
extreme accuracy and easy operation. Powered by a 
2Sh.p. or 40h.p. motor as required, spindle speeds 
range from 15 to 840r.p.m. in eighteen steps. 
Rectangular table type has working surface of 9ft x 
2 ft 9 in, and traverses 7 ft 2 in x 3 ft 3 in, with a choice of 
four feed ranges. Other models available with circular 
table or combined circular and rectangular table. 
Maximum height under spindle nose is 3ft Sin. 


KCNDAL 


\ 
i 


&GLNT Y 


|, GORTON MANCHESTER hone EAST 1035 


K227A 
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— A grommet is a cord loop built 
by winding high-tensile rayon cord 
on itself in an endless spiral. 
















= There's no stiff overlap — no weak 
joint. 











It ia a geometric fact that all cords in 
Jrommet V-belt pull equal shares of the 
load — hence maximum efficiency. There's 
negligible internal friction —hence maximum 
flexibility and minimum power absorption. 









Look how flexible it is...and it’s as strong as it’s flexible. It’s the 
new load-carrying member in BTR High Test Grommet V-belts (two 
to a belt)—the greatest V-belt improvement ever. Grommets / 
working in double harness give you, in BTR High Test Grommet 
V-belts, a new, higher horsepower transmission, more driving grip 


for heavier loads, a higher safety factor and longer belt life. 
\/ “Grommetise” your drives—give them a new, 


a grommet, 
efficiency and economy. Fit BTR High Test Grommet V-belts and 


reap the benefit in more power transmitted for electricity con- 
sumed, more work done for pound spent. 


f 
i} 
f 


1 HIGH TEST { 
. GROMMET V-BELTS 


BTR Industries Ltd 


Tetamoriagrice 


HERGA HOUSE. 





















eweete 
VINCENT SQUARE, 


mameractrwnnne 


LONDOM S.w.t 














* Patented in Britain by BTR — British Patent No. 467406 
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BRITAIN’S 
BEST 


BANDSAWS — ‘en 


HACKSAWS 


“SPEEDICUT 


HIGH SPEED STEEL ‘ 
jhe” eae 4 









5 P 3 E D ICU T Made in Britain’s Largest Engineers’ Tool Factory 


The Hallmark of FIRTH BROWN TOOLS LTD., SHEFFIELD 
Engineers Cutting TOOLS 
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Enjoy the fruits 
of TWW experience 


TWW FAMILY TREE—PLANTED 1878 


Other Ward activities include :- 
NON-FERROUS METALS 

INDUSTRIAL PLANT 

WIRE & WIRE PRODUCTS 

NUTS, BOLTS & FASTENINGS 
MECHANICAL HANDLING EQUIPMENT 


Albion Machinery Catalogue. Send for a current 


copy of this comprehensive stock list of new 


and second hand plant and machinery London Offee Bretienhem Howse 
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FOOD PREPARING =|) 123 
MACHINERY 






AND STILL GROWING 


THOS. W. WARD LTD 


Dept: E. ALBION WORKS - SHEFFIELD 


artes Place werent We 


Aly 











FROUDE 


PATENT 
HYDRAULIC 
DYNAMOMETERS 


FOR ABSORBING AND MEASURING 
B.H.P. OF ALL TYPES OF PRIME 
MOVERS — SIZES RANGE FROM 50 
TO 60,000 B.H.P. AND UPWARDS 


The result of constant research 


and development combined with 
unrivalled experience 


Write for further particulars: 




















ra 


Am ' 
3 \ 


LOCOMOTIVE TEST PLANT 
designed, manufactured 
and installed complete 
by HEENAN & FROUDE LIMITED 
at BRITISH RAILWAYS’ 
RUGBY TESTING STATION. 
Five Froude Dynamometers, 
each of 1200 B.H.P. 
capacity were incorporated 


HEENAN & FROUDE LIMITED encincers, WORCESTER, ENGLAND 
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centrifugal force 
es a J 


(‘thie gowerning 


factox 


The steam engine governor 1s a 
classic example of the application 


of centrifugal force 


The same principle is now 
increasingly being used to improve 
the density and strength of 

cast metals and there is no 


doubt that metals cast in this 





way are far superior in every 


respect 


a 
Ycol centrifugal castings are 


j / 
js i spun at the optimum speed 
; (up to 2,000 r.p.m.) to give the 


greatest density, strength and 





consequent long life, together 


. ot al _ with freedom from defects. If 
— you demand the best 
YH castings—change NOW 


to Ycol spun castings 


2weliamooe ox 


C ol always well founded 





WHYTE & COLLINS LTD ~ KELVIN WORKS ~- FENTON ~° STOKE-ON-TRENT 


SM/YC 2825 
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MULTIPLE SPLINE 
THREAD FORM 
aR CUTTER CUTTER 





PRESSING IT HOME THAT... 


Brayshaw Engineers’ Tools include standard 
and special Milling Cutters for all purposes.... 
Hacksaw Blades, Gears, Threads and Splines, Inserted Blade and Interlocking 
Cutters, Woodworking Cutters, Tools, Hobs, Reamers, Slitting Saws, 
Form Tools, etc. 






SEATING 
CUTTER AND 
ARBOR 


All Tools are precision made and scientifically hardened, ensuring accuracy 
and maximum productive effort. Send for your copy of Catalogue ST. 56 


which includes useful reference to the design and use of Milling Cutters. 


Bragshaw 


ENGINEERS TOOLS 


BRAYSHAW FURNACES & TOOLS LTD., BELLE VUE WORKS, 
MANCHESTER !2. TEL. EAST 1046. GRAMS: ‘“‘ HARDENING” M/C. 














THE FINEST 
PRECISION GAUGES 


Horstmann Precision Gauges are guaranteed 
for accuracy, hardness and finish to the re- 
quirements laid down by the National Physical 
Laboratory. A full range of screw or plain 
Plug and Ring types is available as well as the 
Patent CALIPER GAUGE, Model 52. This 
gauge embodies features which ensure 
easy handling and speedy accurate measuring. 
It is particularly suitable for shouldered 
work. 


Send to-day for descriptive leaflets. 


THE HORSTMANN GEAR CO. LTD. 
Newbridge Works, Bath. Tel: 7241 
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WELLINGTON 


WOLVE RHA 


KIDDERMINSTER 


WARWICK EE iste 


— + STER \ 








As the demand for K.E.Steels increases we are able to 
accelerate distribution to steel users in the Midlands by the 
opening of our new Warchouse at Coleshill 

Stocks will include black bars in a wide range of round, 
square and flat sizes for Blanking & Press Tools, Dic 
Casting Dies, Plastic Moulds, Cold Heading Dies, Reamers 


KAYSER, ELLISON & CO LID 
STATION ROAD, COLESHILI 





etc. A range of sizes from 4" to 1” diameter in qualities TELEPHONE 
suitable for punches, ejector pins, jig drill bushes, dowels COLESHILL 2041/2 
etc. is also available, centreless ground to a tolerance of 

[gE think of the work this would save in your 








Tool Room! 


K.E.High Grade Special Steels have long been renowned for ( KAYSER ff ELLISON § 8 CO. LTD) 


their regularity and the close limits of analysis to which they 
are made, In addition K.E.Service before and after sales HEAD OFFICE: CARLISLE WORKS SHEFFIELD « 
includes technical advice and Heat Treatment by us, if ESTABLISHED 1025 

required, of any components made from K.E Steels 








London Werehowss 4@ Pembraig: Mews Wil Teiephons AE Nemgtes #0 
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PNEUTOMATION 


Registered Trade Mark 


At WOK nic sess sexi 


machine at Messrs. S. & H. McLaren 











Ltd. of Leeds is another 
example of how 
Pneutomation is increasing 


output and cutting costs. 


LANG PNEUMATIC 
CONTROL GEAR 


entirely non-corrodible 


"LANG PNEUMATIC LTD 


VICTORY WQRKS BIRMINGHAM ROAD WOLVERHAMPTON T 


P.1se 
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INJECTION. MOULDING 
up to 32 ozs 
in 
CELLULOSE ACETATE 
POLYTHENE DIAKON 
NYLON POLYSTYRENI 





in all types of industry 


. from gears, bearings and grommets 
to flanges, control knobs and O-rings 
there is a huge range of components 
which progressive engineers will want in 
plastics. The advantages are chiefly in 
price, durability, high strength weight ratio 
and resistance to abrasion; in Electrical 
Engineering, low permittivity, high 
dielectric strength, low power factor 
even under U.H.F. conditions, 


Our technical moulding services are at 
your disposal. We welcome your enquiries 


Spa 


‘ ‘ 
*co.0"” 


SPA PLASTICS (Division of Spa Brushes Ltd.) CHESHAM *- BUCKS - ENGLAND 
Telephone: CHESHAM 81200 (P.B.X.) Telegrams; FREEMBRUSH, CHESHAM 
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NEWAGE 


The symbol of the Newage Group is 
the hall-mark of first-class engineering 


Newage-BMC offers a choice of petrol/paraffin (gasoline/ 
kerosene) engines from 950 to 4,000 c.c., and diesels of 2.2, 
2.55, 3.4, and 5.1 litres. 


NEWAGE (MANCHESTER) LtTto. 


Home Sales and Works : Crossley Street, Gorton, Manchester, 18 
elephone : East 


Export Sales: 6 Carlos Place, Grosvenor Square, London, W.1! 
Telephone : Hyde Park 9141 


A26 


FORMULA FOR EFFICIENCY 

Exacting specifications had to be met when Newage evolved 
this conversion of the BMC 2.2 litre diesel engine — now 
the efficient and economical power unit of the “Iron Fairy” 
crane. What Newage did for the British Hoist and Crane 
Company, Newage can do for you. By applying the formula 
NEWAGE-BMC in the early stages of product development 
you can have any one of the magnificent range of BMC 
automotive engines — modified by the specialised skill of 
Newage engineers to conform to your own prime mover 
requirements. 
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os: it’s standard size but 











completely inaccessible 


Obviously a case for an oil-retaining bearing — that will 
cut out lubrication and maintenance. 

With these oil-impregnated sintered-metal bearings the 
oil is fed to the surface by capillary action so that you 

get controlled, trouble-free lubrication — automatically. 


sss you should 


specify “yowo 


Sintered Metal OIL RETAINING BEARINGS 


There are a variety of shapes and many sizes of 
*“RESERVOIL” bearings for every normal medium 
duty, but particular attention is drawn to the large 
range of plain cylindrical bearings to B.S.1. standard 
dimensions. Most sizes are held in stock. 


Please write or ‘phone for Technical Brochure SD.A0 or Catalogue of sizes SDAI 


The Morgan Crucible Co. Ltd. Battersea Church Road, London, $.W.1!I 
Telephone : BAT 8822 





$M.123 
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AUTOMATIC 
TURRET 
LATHE 





Standardized spindle end ASA 6" 
Dia. of hole in spindle ° . ‘ ‘ ai” 
8 Spindie speeds (standard range) Lom. , . 80-1500 
8 Spindle speeds (special range) r.p.m. . . 50-3000 
Max. distance {rom spindle flange to hex. turret 25°/,” 
Max power required . . HP 4-8—8 
Net weight with standard equipments Ib. 6500 


MACHINE 





EXPORT OFFICE 


MILANO (italy) - Piazzale P.ssa Clotilde 8 - Phone 637-193 
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The machine which “Thinks,, 

















for the Operator 






































NO ERRORS Bate 
NO REJECTS ait 












































FATIGUE ELIMINATED faite 











The advantages of Copying 
Lathes Coupled with those of 
Multiple Set-up 





































































































































































































BUILDERS 


THE ENGINEERS’ 











DIGEST 








announcing 
the new 


“FIRCLEVE”’ 
Brand 





Cold rolled steel strip 
and flattened wire 


Cold rolled hardened and 
tempered steel strip 
and flattened wire 


The “Fircleve” range is made by 


FIRTH CLEVELAND STEEL STRIP LTD. 


formerly Charles Cooper (Tipton) Ltd. TIPTON, STAFFORDSHIRE 
telephone TIPTON 25616 (5 lines) 


A MEMBER OF THE FIRTH CLEVELAND GROUP do 


ceca 
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HELIOCENTRIC GEARS IN ACTION 











IN NUCLEAR ENGINEERING 


The photograph shows a teletherapy unit using radio-active 
cobalt installed at the London Clinic. Messrs. Nuclear 
Engineering Ltd., Greenwich, are the manufacturers of this unit. 

A motorised’ Heliocentric Speed Reducer as depicted in the 
line drawing at the left, rotates the head weighing approximately 
two-tons, at a speed of one-third revolution per minute. 
Engineers not already familiar with the advantages of Helio- 
centric Speed Reducers are invited to write for a copy of a 
comprehensive fully-illustrated brochure. Range of manufacture 
} h.p. to 30 h.p., ratios 20:1 to 512,000:1. 


HELIOCENTRIC _., 


SABEN 


PRODUCT 
































SANDERSON BROTHERS AND NEWBOULD LIMITED, ATTERCLIFFE STEELWORKS, P.0. BOX 6, NEWHALL ROAD, SHEFFIELD 9 
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LOOK! 

This is the accuracy 
you get with 
HANCOCK 
oxygen cutting 

machines 


Zaph is more effective 
@ the superb accuracy 
Je with precision and 
its, Hancock oxygen 
hines are the finest 
but a ‘‘Hancomatic 
buld cut this electric 
he template used is 
5 
oxygen cutting—-they 
Meme in this field for over 
" leaflets for all Hancock 
on request 


Sk 


m,e?:) LTD Vex 


ngland. 
908 (3 lines) 





...as though we were floating on 





BALL and ROLLER 
BEARINGS 


Going too far? 

Perhaps, but then 

Hoffmann bearings 

have always been 

noted for their smooth 

running and trouble-free 

performance. Every day in 

every way Hoffmann ball and 

roller bearings are meeting the in- 

creasingly stringent demands placed upon them in every field of engineer- 
ing, from giant machine tools to micro-instruments, for which we 


manufacture a range of bearings from 52” O.D. down to 3mm. O.D. 


Consult us in the design stage — our engineers will be 
pleased to help with your problem. 


THE HOFFMANN MANUFACTURING CO LTD CHELMSFORD ESSEX 


THE ENGINEERS’ DIGEST 






























4 CYLINDER 
INDUSTRIAL 
DIESEL 
ENGINE 


This new 4-cyl. Industrial Diesel Engine has been designed 

by A.E.C. and Maudslay for earth moving and 

industrial equipment in which ample power is provided 

by an engine with a maximum output of 75 b.hup 

and a continuous rating of SO bhp. It has all the features 

of the existing range, top performance, rehability in the 

severest working conditions, consistent operating economy 
and interchangeability of working parts 

For maximum usable power at the most economical f.p.0 

in 50-150 b.h.p. industrial diesels. It will pay you t 

investigate the well-proved A.E.C. range, including 


AV47I0G; Industrial Drexel 11.43 tire Industria 1 rene 
Engine, 112 b.h.p., max. output Engine, 1 SO0b.h.p., man. out 
78 b.b p. continuous rating LIA b.KLp. continuous rating 


A.C.V. SALES LIMITED 

Marine and Industria) Division 

A.E.C. WORKS SOUTHALL » MIDDLESI* 
THE A.C.V. GROUP OF COMPANTNS INCLUDES 


“147 A.B.C. AND THE MAtTrSi 4y MOTO COMPANY 
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Polishing 
Benches 


These polishing benches, in various designs, 
are suitable for small or medium sized 
components. Strong hoods, with ample 
adjustment, are provided; each bench 
constructed in heavy gauge steel; flush 
doors to operators’ cupboards; flush starter 
panels, large clear areas for component 
storage; absence of ledges and sharp corners; 
units can be added to at any time, giving a 
continuous bench appearance. 











These units are designed for connecting to 
either overhead or floor level dust extract- 
ing systems. We can supply complete dust 
separation and collecting installations for all 
trades. 

Manufactures of the popular ‘* Micronette”’ 
and ‘‘Micromaster’’ transportable Unit 
Dust Collectors. 


PLANT 


A. E. GRIFFITHS (SMETHWICK) Ltd., 
BOOTH STREET, BIRMINGHAM 21 
Telephone : SMEthwick 1|571-2-3-4-5 
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What’s new about Automation 






The answer is—nothine. Automat 





began with the lever and whee 






ithas gone on ineworabl 






Industry is currently approaching the 






uluumate object of fy automa 





and, for the past thirty year Syh 






CAPACITY 


Maxin 


Coarsest pitcl 
Svkes shaving tools to suit this machir 
can be supplied at short deliver 


W. E. SYKES LIMITED 


STAINES « MIDDLESEX + ENGLAND 
Tel: STAINES 4281 (8 lines) « Grams SYKUTTER, STAINES 














CANADA : Sykes Tool Corporation Ltd. Highway No. 7. Georgetown, Ontario 
AUSTRALIA: W. E. Sykes Ltd., Mascot. Sydney, N.S.W 
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The world’s 
household names use 
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G. BRADY & COMPANY LIMITED MANCHESTER 4 


Phone COLlyhurst 2797/8. 


Send for full informative literature No. 10. 
London: Thames Works, Strawberry Vale, Twickenham, Middx. Birmingham: 
Rectory Park Road, Sheldon 26. Canada: David C. Orrock & Co. (G. Brady & Co. 
Canada Ltd.) 4925 De Sorel Street, Montreal, Que. and also at Suite 2/23 
Applewood Village, 1077, Queen Elizabeth Way, Port Credit, Ontario. Norway: 
An Thorbjérnsen, Kongensgate, 14, Oslo. Hong Kong: Blair & Co. Ltd., Windsor 


House. 


MANUFACTURERS OF BRADY HAND AND POWER OPERATED LIFTS 





British European Airways fitted Brady Steel Rolling 


| Doors to the building recently supplied and erected at 
London Airport by The Coseley Engineering Co. Ltd. 
of Wolverhampton. Brady Rolling Doors in steel, 


wood or aluminium—hand or electrically operated 


\ BEA | are available to fit any type of opening. 











tbe f 


SHUTTERS « ROLLING DOORS 


The doors commanding the world’s largest sale 



















































we shutter the world 








$.&B.10 
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cuts faster 
further 


certainly 
and 













““Cyclone’’ Power Hacksaw Blades are 
produced from our own special tungsten 
alloy and high speed steels. All blades are 
accurately set and toothed and carefully heat 
treated to obtain an extremely hard cutting 
edge combined with a tough and flexible 
body. 


CYCLONE 


HACKSAW BLADES 















ENGLISH STEEL TOOL CORPORATION LTD 
Holme Lane Works, Sheffield 


A wholly owned subsidiary of English Steel Corporation Lid., Sheffield 


Stocks also held at: 167 Dukes Road, Acton, London W.3; 62-64 Scotawood Rd., Newcastle: 
North Street Works, Openshaw, Manchester. 
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PURI <A 
More accurate 
than human skill 


— -......--. 
SK Hydraulic Control of motion 








Paradoxically, the product of human skill is more accurate than human skill itself. This 
is particularly so in the case of Savery Hydraulic Pumps. Countless thousands of 
Savery Pumps are in use throughout the world working with precision that neither human skill 
nor other means can match. Next time you’re considering control of 
motion remember Savery Hydraulic Pumps first. 


Savery Pumps can be supplied with fixed or variable delivery. 


FOR FURTHER DETAILS OF 


SAVERY HYDRAULIC PUMPS 


WRITE TO 


THOMAS SAVERY PUMPS LIMITED 


BRACEBRIDGE STREET - BIRMINGHAM 6 ~- TEL: ASTon Cross 1316-7 
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HAZEL GROVE 





Fascinating land of minarets and veiled 
women, BASRAH, the Venice of the 
East, is the major port of entry for Iraq. 
The power station supplying electricity 
for the municipality and the Port of 
Basrah has 2 Mirrlees KVSS12 engines 


each developing 1956 kW at 
428 r.p.m. The engines are 
built on rafts six feet high to 
avoid flooding due to the 
River Shatt-al-Arab 
overflowing its banks. 

Also installed in this station 
is a Mirrlees JVS16 engine 
developing 980 kW. and a 
Mirrlees HFS 7. engine 
developing 750 kW. 











MIRRLEES, BICKERTON AND DAY LIMITED 


A Member of the BRUSH Group 


STOCKPORT * CHESHIRE 


Telephone: Stepping Hill 3841 (14 lines) 
Telegrams :; “ Mirrlees, Telex, Manchester” 
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diesel power for IRAQ 2 
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chain drives 


A PRODUCT OF THE MORSE CHAIN DIVISION, BORG-WARWER LIMITED 


} 
W BORG-WARNER LIMITED LETCHWORTH HERTS. Telephone: Letchworth 2170 
| 

\ MANUFACTURERS OF AUTOMOTIVE TRANSMISSIONS AND MORSE CHAINS 
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FOR 
wiTHOUT 


If there is one factor more than another that 
would account for the ever-increasing demand for 
Morris electric hoist-blocks, it is the simplicity 
of their design and construction. As our sectional 
illustration shows, the motor, the straightforward 
reduction gear, the drum, powerful brake and 
robust contactor panel are supported by a welded 
steel frame. Thousands of users have already 
proved that this simple, practical arrangement 
results in dependable service even under adverse 
conditions—in fact, hoisting without a hitch. 

Sizes }, 4, |, 2, 3, 5, 74 and 10-tons. Types 
for fixed, suspension, push travel, geared travel 
or for electric travel. 


HOISTING 
A 


MORRIS 


ALL-BRITISH BALL-BEARING 
ELECTRIC HOIST-BLOCKS 





WHY TAKE A CHANCE? 
INVEST IN A MORRIS AND BE SURE! 


HITCH! 























Residents eng neers 
tvereble for comet 
tatron ”" Londen 
Glasgow Manchester, 
Birmingham, Leeds 
SheMield Newrestte 
Cord, Orietal, Oun 
éee, Liverpool, Mer 
tingherm fury 
famunds and Bottles: 


HERBERT MORRIS LTD P.O. BOX 7 LOUGHBOROUGH 
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TYPE 11 P 


The standard 
rotary shaft seal. 


at high speeds and 
for long periods, 
with minimum 

! frictional loss. 








Gives perfect sealing 


TYPE 11 P/B 


As type II P 
but with the 
casing covered 
with rubber. 
Interchangeable 
with metal 
case seals. 








TYPE 23 P 


An external 

seal used when 
fitting conditions 
prevent the 

use of II P 

or || P/B seals. 





TYPE 12 P 


A rotary shaft 
seal used to 
separate two 














TYPE 13 P 


Similar to type 
12 P but with- 
Out a spring on 
the second lip 








TYPE 31 P 


A springless seal 
used as a wiper 
or dust excluder 





A special section 
ring which cannot 
twist. Superior to 
the O-ring for 

low and medium 
pressure non-static 
applications. 





PIONEER OILSEALS 


A compact automatic 
seal for reciprocating 
and static applications 
over a wide range of 
temperatures and 
pressures. All British 
Standard sizesin stock. 





different which serves for rotating or 
fluids. as a dust excluder. reciprocating 
shafts. 
NU-LIP RINGS O-RINGS TYPE 7 P 


A hydraulic and 
pneumatic seal used 
chiefly on recipro- 
cating pistons or as 
a valve stem 
pacxing. Normally 
fitted in a groove. 





O-RINGS AND HYDRAULIC PACKINGS 


Every fluid sealing application comes within the 


Pioneer range. Write NOW for the 
PIONEER OILSEAL LITERATURE. 


The PIONEER man is trained to solve your 


sealing problems on the spot. Call him in now. 





PIONEER OILSEALING & MOULDING CO.LTD. 





A DIVISION OF J. H. FENNER & CO. 


Factory and Head Office: Cottontree Works, Colne, Lancs. 
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SERCK PRODUCES FOR EVERY INDUSTRY ~ 
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gives far more power 





The new ‘ENGLISH ELectric’ standardised venti- These new motors—from 4} h.p. to 50 h.p. in six 
lated motors using class ‘E’ insulation and built frame sizes—have endshields and terminal boxes 
to the latest B.S. draft specification CW(ELE) which turn to any of four 90° positions for floor, 
6246 give far more power for the same frame size. wall, or ceiling mounting. Publication DM/230 
For a given horsepower the motor required is giving details of the range will be sent on request. 
smaller and lighter and costs less. | Most sizes AVAILABLE FROM STOCK 





STANDARDISED AND INTERCHANGEABLE 


ENGLISH ELECTRIC 


BS.D. ventilated motors 


THE ENGLISH ELECTRIC Company LIMITED, MARCONt House, STRAND, W.C.2 
Industrial Motor Works, Bradford 








WORKS: STAFFORD + PRFSTON + RUGBY + BRADFORD «© LIVERPOOL ACCRINGTON 
DM.67L5 
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Metrovick VERTIVICK electrodes 


for vertical and overhead welding 




















The Vertivick is a superior all-position electrode for mild steel welding, possessing 
exceptional qualities for use in the vertical and overhead positions, yet retaining all the 


essential features for downhand welding 


SLAG-FREE WELDS—As the arc length of the Vertivick electrode is not critical, 
sound slag-free welds, with excellent mechanical properties, can be achieved even with 
inexperienced operators. The slag, being sufficiently fluid, clears quickly from the molten 
pool when welding vertically and there is no tendency to flood the arc when downhand 


welding. Slag can easily be cleaned from the root run of vee-butt welds 


FINISH—Vertivick electrodes have a stable arc which is easily struck and gives a 
smooth and regular weld appearance with a close rippled finish free from spatter and 


undercut. Downhand fillets are flat in shape and show an excellent “ wash-on 


APPROVALS—Approved by the Admiralty, Lioyd’s and the Ministry of Transport 
and Civil Aviation for welding of mild steel in all positions, also by the Ministry of 
Supply for welding Carbon Manganese steels (carbon 0.26", max.) Class FV 10S0/TV 
British Standard Classificanon E317 


METROPOLITAN-VICKERS 





An AE. Company 


Metrovick Electrodes for Every Purpose 


L'? 703 
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Revolving Frame and Bridge Casting for 22-RB excavator. 
Weight as cast 2 tons 14 cwt. 


1 


Sectional thickness max. 24" min. }". 
» Cast for Ruston-Bucyrus Ltd., by 


whose permission it is reproduced. 


/ 
4 


j 


/ 


Although Lloyds make steel castings up to 25 tons 
in weight in one piece, they are nevertheless now 
producing heavy castings by welding groups of 
smaller castings to make one complete component. 

The advantages of this new Lloyd technique are 
that smaller units are easier to handle and can be 
given the high degree of quality control and 
accuracy of detail associated with smaller work, 
together with the advantages of mechanised 
production. Expensive and complicated foundry 
procedure necessary for large unwieldy castings 
is also obviated. 

Anexample of the strength of the cast/weld 
method is the revolving frame and bridge 
casting illustrated. This is supplied to 
Ruston-Bucyrus Ltd. for their 22-RB 
excavator, and few steel castings have to 
stand up to the strains and stresses that 
are the daily lot of such machines. 

TYPICAL LLOYDS STEEL SPECIFICATION V4 
used for general engineering requirements 4] 
Grade M. BS 592, 0.30°%, carbon, Annealed, 


Yield Stress 16/19 t.s.i., Ult. Stress 32/37 t.s.i., 
Elongation 30/20°%,, R.O.A. 40/25 


LLOYDS 


Britain’s best equipped steel foundry 


Fk. H. LLOYD & CO. LTD., P.O. BOX No. 5, JAMES BRIDGE STEEL WORKS,I 
WEDNESBURY, STAFFS. TELEPHONE JAMES BRIDGE 2401 
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THE SHERBORNE RUBBER CO. LTD. 


SHERBORNE STREET, BIRMINGHAM, 16. 








Phone EDGbaston 3881 -2-3 











V/. you want it 


STANDARD 
OR SPECIAL 


HA LLM AG 
TOOLS 


i T E D 


CAN SUPPLY IT! 


HALLMAC TOOL HALLMAC SERVICE 


RANGE is large is unsurpassed and covers 
enough to cover most the country completely! 


needs immediately! Branches at London, 
Distributors of Engineers Manchester and Glasgow 


Small Tools, Macrome Representatives within 
Treated Tools, Hand and call anywhere in the U.K 


Power Tools 


Head Office and Depot 
G.P.O. Box No. 39 MACROME ROAD, WOLVERHAMPTON 
Telephone 52001 (5 lines) 
SALES MANAGERS FOR THE HAND TOOLS DIVISION 
OF THE BREN MANUFACTURING COMPANY 








JW. Ad 3989 
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1000 times a minute! 


The Varley S.M.O. solenoid is the first of a range of miniature solenoids 










being developed for the electronic and accounting machine industries 
It can operate about 1000 times a minute through | in 
Varley make Solenoids of all shapes and sizes 
to push or pull anything from ounces to thousands of pounds 
If you need to push, pull, press, prod or punch —by remote control 
investigate the applications of Varley Solenoid: 


They are 100°, British in design and manufacture 


For full details of Variey Solenoids send this coupon 





arley 


WOOLWICH 1422 


4 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


OLIVER PELL CONTROL LTD. 
CAMBRIDGE ROW, WOOLWICH, 5.£.16 


Please send me illustrated booklet “VARLEY SOLENOIDS 
Please arrange for a technical representative to call on me 





COMPANY 
ADDRESS 


| | 
| | 
| | 
| | 
| NAME | 
| | 
: | 

| 
| | 


to 


Lcrcianhdhenniahiliatitenenegtannintdintinaniamananimenesea 


OLIVER PELL CONTROL LIMITED 
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bwittic Rectifiers FOR STEELWORKS 


The illustration shows two 900 kW Hewittic Rectifiers providing an output of 3600 


amps for operating rolling mill auxiliaries in a Scottish steelworks 
There are over 1,500,000 kW of Hewittic Rectifiers in world wide service in capacities 
up to 30,000 kw 


HACKBRIDGE AND HEWITTIC 
ELECTRIC COMPANY LTD 
HERSHAM © WALTON-ON-THAMES SURREY 
Telephone Walton-on-Thames 760 (8 lines) Telegrams and Cables “Electric Walton-on-Thames 
Visit us on STAND No. ‘02° at the A.S.E.E. Exhibition, Earls Court, March 25th to March 29th 
Mh Gi GE Oe ee oe ee ee oe ee ee 1 o> Ge 


OVERSEAS REPRESENTATIVES—ARGENTINA: H. A. Roberts & Cia., §.R.L., Buenos Aires. AUSTRALIA 
Hackbridge and Hewittic Electric Co. Ltd., 171, Fitzroy Street, St. Kilda, Victoria; N.S.W.: Queensland : 
W. Australia: Elder, Smith & Co. Led. ; South Australia: Parsons & Robertson Ltd.; Tasmania: H . 
Bamford & Sons (Pty.) Led., Hobart. BELGIUM & LUXEMBOURG ; M. Dorfman, 5, Avenue des Phalenes, 

Brussels. BRAZIL : Oscar G. Mors, Sao Paulo. BURMA : Neonlite Manufacturing & Trading Co. Ltd., Rangoon. CANADA 

Send for Hackbridge and Hewittic Electric Co. of Canada Ltd., Montreal ; The Northern Electric Co. Ltd., Montreal, etc. CEYLON 
Publ a Envee Ess Ltd., Colombo. CHILE : Sociedaa Importadora del Pacifico Ltda., Santiago. EAST AFRICA : Gerald Hoe (Lighting) 
ublications Ltd., Nairobi. EGYPT : Giacomo Cohenca Fils, $.A.E., Cairo. FINLAND : Sihké-ja Koneliike O.Y. Hermes, Helsinki. 
R190 GHANA, NIGERIA & SIERRA LEONE : Glyndova Ltd. NETHERLANDS : J. Kater E.!., Ouderkerk a.d. Amstel, Amsteldijk 
R222 Noord 103c. INDIA: Steam & Mining Equipment (india) Private Led., Calcutta ; Easun Engineering Co. Led., Madras, |. 
IRAQ : J. P. Bahoshy Bros., Baghdad. MALAYA, SINGAPORE & BORNEO : Harper, Gilfillan & Co. Led., Kuala Lumpur. 
NEW ZEALAND : Richardson, McCabe & Co. Ltd., Wellington, etc. SOUTH AFRICA: Arthur Trevor Williams (Prty.) 
Ltd., Johannesburg, etc. CENTRAL AFRICAN FEDERATION : Arthur Trevor Williams (Pty.) Ltd., Salisbury. THAILAND : 
Vichien Phanich Co. Ltd., Bangkok. TRINIDAD & TOBAGO’: Thomas Peake & Co., Port of Spain. TURKEY : Dr. H. Salim 
Oker, Ankara. U.S.A Hackbridge and Hewittic Electric Co. Led., P.O. Box 234, Pittsburgh 30, Pennsylvania. VENE- 

ZUELA : Oficina de Ingenieria Sociedad Anonima, Caracas. 
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LANGITE 


Langite — which for more than thirty years has been used so 
extensively wherever there is an oil joint to be kept tight — 
utilizes the natural resilience of cork, bonded together by an 
original process. 


NEOLANGITE 


like Langite, embodies cork, but in this case is bonded with 
appropriate synthetic rubbers. 

NeoLangite is used extensively on transformers, aircraft, motor 
vehicles, etc.; it has a considerable mechanical strength and 
recovery after compression. 


Chingford cork ‘jointing’ material 


For less critical applications, cost may be saved by the use of this 


material, made alongside Langite but toa less exacting specification. 
All other types of non-metallic seals, compressed asbestos fibre, impregnated 
paper etc. can be supplied. 


CORK MANUFACTURING CO. LTD., SOUTH CHINGFORD, LONDON EA 
Telephone: Silverthorn 2666 (7 lines) 























EXPERTS IN THE IMPOSSIBLE 


When it’s a question of making intricate, accurate investment castings of awkward 
shapes, in difficult metals, we never label any job ‘impossible’. 
Every week we carry out orders for many thousands of complex precision castings for 
all types of engineering projects, ranging from aero and marine engines, aircraft, guided 
missiles, surgical instruments, and automatic machinery, to farm machinery and even 
mechanical toys. So if you are shaping small components by machining, why not let us 
estimate for casting, and compare the costs? 
If possible, consult us at the design stage. Brought in at this point we have often been able 
to propose—and supply—a single casting instead of an assembly of separately machined 
components. And we can carry out the complete finishing, including any necessary 
machining, if you require it. 
If you would like to see the sort of job we can tackle in difficult metals like stainless, high 
—— and other tough alloy steels, write for 


‘illustrated booklet, ‘‘Napier Investment 
Castings’’, we'll be glad to send you a copy. NA PIER CA S T 
FOR THE FINEST INVESTMENT CASTINGS 


D. NAPIER & SON LIMITED - LONDON .- W.3. 


CRCN2 
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in three models 


MODEL 


up to 30 HP AVAILABLE 


for maximum stock removal . 


ACCESSIBILITY OF TOOLSLIDES 


enabling quick and easy tool setting. 


up to 24° SWING 


with a wide range of spindle speeds . 








Production Lot —_ 


These machines have outstanding features—such as verti- 
cally mounted spindle, air operated chucking and spindle 
brake, two independent tool slides, and many other 
features. 

PLEASE WRITE FOR LITERATURE GIVING FULL DETAILS 
OF THESE MACHINES 


CHARLES CHURCHILL «cotimireo 


COVENTRY ROAD SOUTH YARDLEY BIRMINGHAM 25 
BRANCHES LONDON GLASGOW NEWCASTLE MANCHESTER 
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DESIGNED ro. 


Load-Bearing High 
Tenacity Rayon Cords, 
embedded in gum 
rubber, which dissipates 
heat and reduces 
internal friction 
to a Minimum. 


Controlled wedging 


action of volumetrically 
correct compression 
cushion ensures 


Elastic rubber cushion 
distends when flexing 
over pulleys. 





flexibility and high 
horse power 
transmission 


factor. Tough outer covers 
of Rubber impregnated 
cotton duck, bias 
cut for greater 
flexibility, give 
maximum wear, 
resistance and 
Made to B.S 1440/1948 grip. 


TURNERS 


RAYON CORD \V/BEL TS 











TURNER BROTHERS ASBESTOS CO. LTD. ROCHDALE ENGLAND 


A MEMBER OF THE TURNER & NEWALL ORGANISATION 





dmTA70 
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CHIP GROOVING WHEELS 


oda 
oe 

























Your problem of chipbreaker 
grinding can be solved 

by the combination of the Neven 
diamond impregnated chipbreaker 
wheel used in conjunction 

with the G.F.3 Mark Il 
Universal Cutting and Tool 
Grinding Machine. 

The G.F.3 machine can also be 
supplied with an automatic 
traverse and we will be pleased 
to arrange a practical demon- 
stration of this equipment. 


SOLE AGENTS FOR NEVEN TOOLS 
FOR TUNGSTEN CARBIDE 
APPLICATIONS IN THE UNITED 
KINGDOM, MESSRS. WICKMAN 
LIMITEDJOF COVENTRY. 


IMPREGNATED DIAMOND PRODUCTS LTD 


OF GLOUCESTER - ENGLAND 
TELEPHONE 21164 (3 LINES) TELEGRAMS IMPREC GLOUCESTER 
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Famous Firm V1ISCO-BETH 
Divat (ollecteh? 


Brown & Polson Lid 


Messrs. ! gineers Ltd. 


indling En 


e osy of 
courte sy ¢ 
Photo yh simon Ha 


In order to prevent dust from becoming airborne when 
liberated during the unloading of maize from ships, 
Messrs. Simon Handling Engineers Ltd., have installed 
three ‘* Visco-Beth’’ Automatic Dust Collectors at 

the Manchester factory of Messrs. Brown & Polson 
Ltd. These collectors recover the dust generated 
during unloading, conveying, weighing and delivery 
into the silos. The transfer of maize from ship to 
storage is at the rate of 250 tons per hour. 


“*Visco-Beth” Automatic Dust Collecting equipment 
is also installed in many other factories producing 
materials in powder form, e.g., flour, cement, lime, 
fertilizers, soap powder, dried milk, cocoa, coffee. 


Our technical department is at your service on all 
matters of Industrial Dust Collection. Write for list 
No. 574. 





THE VISCO ENGINEERING COMPANY LIMITED, STAFFORD ROAD, CROYDON Phone: Croydon 4181 









If you require pressings consult Ward 
(Metal Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 
be fabricated by welding, soldering or 
brazing. 

illustrated here are some examples of 
our products, and similar components 
can be produced to your own specifica- 
tion and design, and supplied in painted, 


plated or enamelled finishes. D A 4 L A S T 0 N . S T A . F Ss: 
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TAYLOR- ee 
meee 4 VOW INTRODUCE 
model |00 Hake 
‘TALYSURF'’ 


Designed for on-the-spot workshop applications, Model 100 








“Talysurf’ surface measuring instrument can easily be carried 
to a machine or bench as required. Small parts to be inspected 
are placed on the work-table, whilst four adjustable fences 
are provided to aid the location of cylindrical components 


TAYLOR, TAYLOR & HOBSON LTD. LEICESTER, England 













The illustration shows the in- | ©) © O ‘ < 
strument in use checking the le = 7 ma 
surface finish of a circular JOO 
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component after being 
ground ona Jones & Shipman 
universal grinding machine. 
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** Newallastic ’’ bolts and studs have qualities which are abso- 
lutely unique. They have been tested by every known device, 
and have been proved to be stronger and more resistant 
to fatigue than bolts or studs made by the usual method. 
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we CONSISTENCY ... FIRST TO LAST! 
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WE INSIST that every operation in the 

manufacture of DORMER TOOLS is an 
effective co-ordination of experienced oper- 
ators and first-class machinery. 


Production methods are constantly under 
observation, and proved techniques adopted. 


Working under ideal conditions, skilled 
machinists achieve CONSISTENCY all along the 
production line. 


THE 
"SHEFFIELD TWIST DRILL 


_ & STEEL COMPANY LIMITED 
SUEFFIELD «6- «= ENGLAND 
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STONEWARE 


EJECTORS THE LONG AND THE 


for HEATING & CIRCULATING SHORT . » OF é i 





vy 










CORROSIVE LIQUIDS Z IN COARSE 
We can 5 
Armoured Stoneware Th readgenerate Z SCREWS 
Swirl-type Ejector Threadwhirt - 
(water operated) 
Threadroll 
Threadcut 


Threadgrind PRECISION 
MADE SCREWS 
AND NUTS TO 


SPECIFICATION 


Internal or External 
Special and Multi-start 
A.1.D. 





Approved C.I.A. 


HATHERNWARE EJECTORS §$are 
made of high-grade Hathernware Approved Suppliers to 
Chemical Stoneware, with steel or iron 
armouring as required. The adoption of 
Chemical Stoneware for these instru- leading manufacturers. 
ments adds greatly to their usefulness 
in the Chemical and allied trades, as 
Hathernware is proof against the attack of 
practically all industrial acids and corro- 
sive liquors at all concentrations and 
temperatures. 


Ministry of Supply and 





Hathernware 
Ejectors are 
available for 
operation by 
steam or water 


Section: 
Armoured Swirl- 
type Ejector 





\ | Mind cummed th bh) hk 


TYPICAL APPLICATIONS: 


@ Maintaining vacuum on filters and other 
closed vessels. 

@ Entraining, discharging and absorbing 
gases. 

@ Priming pumps and setting syphons. 

@ Lifting liquids. 

@ Heating and circulating liquids. 





SPECIALISED EQUIPMENT 

AND WIDE EXPERIENCE 

ENABLE US TO QUOTE 
YOU KEEN PRICES. 





HATHERNWARE 
movrnaccouncencnens  |METALIFACTURE L” 


HATHERNWARE LIMITED, 
LOUGHBOROUGH. LeIcestersHine. | DAKEYNE STREET, NOTTINGHAM 


Write to Dept. ED for Catalogue Section No. I! TELEPHONE 4205 5 


amPHL.46 
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What sorts 


of springs 
do you need ? 





No. 760. 3 doz 
Assorted Light Com- 
pression Springs. 1” 
to 4” long, 22 to 18 
S.W.G., i" to $ 
diam. 6/6 each. 


- 
. 
- 
- 
- 
* 








Compression? Expansion? 
Long? Short? Light? Heavy? Let 

Terry's BOXES OF ASSORTED SPRINGS 
settle the question. Just the job for you 





experimental people-—a simply unlimited 





No. 757. Extra Light No. 9B8A. 3 doz > >me » 

C ompression, | gross Reena 2° an assortment from our tremendous range of 
Assorted, 4” to #”, 4” long, 4” to ]° diam springs of every \ . . SOKECS § 

to 2” long, 27 to 20} 19G to ISG. Pea Oi Over; . ariety. The 8 boxe hown 
S.W.G.  15/- each. | 5/6 each here are only a few—but why not let us send 





you a full list--post free 


Really interested in springs? The 1957 edition of 
“Spring Design and Calculations” post free 12/6. 


TERRY’S 


panion Springs. | | Assoyeed Suaall le. ASSORTED SPRINGS 





gross Assorted 4” to pansion Springs. [° , 

1”, 4” to 2” long, 27 to 14”. 18G to IG HERBERT TERRY & SONS LTD REDDITCH WORCS 

to 20 S.W.G. 9/6 each (Makers of quality Springs, Wireforms and Presswork for over 
15/- each a@ century) 





Cut production 
costs with Terry 
Wire CIRCLIPS 























(Square 
Section) 
- } Ne. 1024 20 € ormpreesmr 
Y a No. 466 4 gross No. 753 1 dor Springs 12° long i to 4° diam 
Assorted Smal! Ex- Asmorted Light Ea 246 to 18), suitable for cutting 
pansion Springs i pamion {°° to 4 into shorter lengths, and WD 
We can supply from to 14° long, “ to diam., 2° to 6 long Lapansiom 14° to 12° long, & 
stock in sizes from f diam., 21G to 22 to 18 S.WoG to 1° diam, 22G to 160 
i toi 24G. 6/6 each 10/6 each 24)- each 
Scented a ied . ae et F358 
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Our whole 
is based on this simple fact. 

The renowned M & C Sales and 
Technical service is our contribution 
to the urgent day-to-day 


needs of British Industry. 


DISTRIBUTORS 
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Page 
The Blue Pages eh si nF + = am 43 
The Need for Fundamental and Wider Research on the il MM Bt BT. 
Strength of Materials - ‘a =f Se i 47 
VOL. XIX NO. 2 FEBRUARY, 1958 
Photoelastic Investigation of a Helical Spur Gear 53 
ee EDITORIAL AND ADVERTISING 
ritanium-Plating Processes and Properties of Coatings .. 56 OFFICES 
a : GREAT BRITAIN 
f Ww int- 3) ac > ae v4 s 
A New Point-Contact System for Gear Teeth iy ie 57 120 Wigmore Street, London, W.1 
‘ ‘ ? P . Telephone : WEL beck 9357 & 6263 
Cathodic Protection in Industrial Refrigerating Plant... 59 
= - U.S.A 
Velocity-Displacement Transfer Mechanism with Pro- 366 Madison Avenue, New ¥ ork 17, N.Y 
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PITMAN technical books 


ELECTRICAL TECHNOLOGY (M.K.S. INFORMATION THEORY AND ITS 
UNITS) ENGINEERING APPLICATIONS 
By H. Cotton, M.B.E., D.Sc., M.1.E.E. 7th Edition. A new and By D.A. Bell, Ph.D. M1 E.E. Ind Edition. information theory 
completely revised edition of Professor Cotton's famous work is the scsence underlying all exchange of information, and of 
In this edition the M.K.S. system of units has been adopted but special importance in the development of telecommun:cations 
the previous edition will still be available for those who do not and automatic control systems In thi new edition. the chapter 
want to use the M.K.S. system. An invaluable work for the on Coding has been considerably enlarged and « new 
electrical engineering degree student. Pitman's °* Engineering chapter on “' Decoding '' has been added A wreightlorward 
Degree Series."' 50s. net presentation of the subject. 28s. ner 

NUCLEAR STRIPPING REACTIONS 
THE LAW RELATING TO BUILDING By 5. T. Butier, PhO MSc and O HM Hitmen Ph OD. A new 
AND ENGINEERING CONTRACTS book devoted completely to the detailed connderanion of 

direct nuclear reactions and the varied were in which they may 
By the late W. T. Creswell, K.C. Sixth Edition by DO. R. Perrey be weed to gain information conceraing « : ~seniiga es 
B.A. (Hons.) (Oxon.), Solicitor A completely revised and querlsennl chvdda, cresmrcs enodem end dheoretial 
up-to-date edition. It incorporates the 1939 (revised 1956) physiciet. 6Be. net 
R.1.B.A. Standard Form of Building Contract. 30s. net 

APPLIED ANALYSIS 

By Cornelius Lanceos, Senior Professor. Sche i Theoretce 
PLANNING, ESTIMATING AND Poncies snide taetemetier Adeaneed uation. A dbitennebies 
RATEFIXING and strictly theoreticel approach to mathemeticel methods 
By A. C.Whitehead. 3rd Edition. Deals with the theory and used in the numerical solution of phys end engineering 
practice of ratefixing, time studies, process and shop planning problems. it develops an apprecietion of and en at ¥ oe 
etc. The book is invaluable to practical factory men and all who a few fundamental but power mathemetical ¢ pie 
are interested in the economics of production. 18s. net SSe. ner 


Parker Street, Kingsway, London, WC2 
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© Powerbpip 


TIMING BELT 


for 
precision echoes 


Positive elimination of slip and creep e 
No initial tension @e Compactness in 
width and pulley diameter e No 
belt stretch—needs no take-up— 
will operate on fixed centres @ 
High operating speeds e Con- 
stant angular velocity e No lubri- 
Acknowledgment to Marconi cation required e High mechanical 
International Marine Company efficiency—very nearly 100% e 
for this photograph of the Light or heavy drives—1/100 
POWERGRIP timing belt on scribing stylus drive. —300 HP. 


In order that the depth and density of shoals of fish in the sea be precisely determined, 
it is imperative that the movement of the echometer scribing stylus over the sensitised 
paper be perfectly synchronised with the echo-sounding oscillator. 

The POWERGRIP timing belt fitted to Marconi Recording Echometer fulfils the 
required accuracy of drive, ensuring accurate performance of these precision in- 


struments. 
U.S. Rubber 


Home: The North British Rubber Company Limited. ABBey 7135 
Export: U.S. Rubber International (Great Britain) Led. ABBey 2053 


62/64 HORSEFERRY ROAD, LONDON, S.W.! 
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@ IMPROVED IRRADIATION 
TREATMENT FOR MATERIALS 
An improved process has been 
proposed for the treatment of 
materials by irradiation with high- 
energy charged particles, to change 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





the chemical or physical proper- 
ties of the materials, which may be solids or 
liquids contained in suitable vessels. The 
particles used in the irradiation treatment are 
preferably electrons with an energy of 0-5 MeV 
and higher, and during treatment the body is 
moved continuously past the source of electrons 
in a direction tranverse to the electron stream 
directed upon the body. The particle beam may 
be oscillated to scan the body to be treated, i.e., 
magnetic or electrostatic deflecting means, sim- 
ilar to those employed in cathode-ray tube tech- 
nique, may be made to act upon the beam before 
it reaches the body to be treated. The oscillatory 
motion of the beam with respect to the body may 
be either transverse to or parallel with the direc- 
tion of the body, or both motions may be com- 
bined. An important feature of the new process 
is that a first part of the beam impinges on one 
side of the body and a second part passes the 
body and enters a substantially uniform mag- 
netic field, by means of which it is deflected back 
to impinge on the opposite side of the body. 
For this purpose a substantially uniform and 
constant magnetic field is arranged transversely 
to the general direction of the beam, to be de- 
flected through approximately 180 deg. in a 
curved path, which will generally be circular or 
spiral. A particular example of the application 
of the process is the treatment of an electric 
cable, in which penetration of the particles 
through the whole of the body is obstructed by 
the conductor. Here, the new process dispenses 
with the necessity for rotating the cable as it 
passes through the beam, or of passing the cable 
twice through the beam in such a way that in 
successive passages opposite sides of the cable 
are exposed to the beam. 

@ IMPROVED SONIC GAS ANALYSERS 


The sonic or acoustic gas analyser depends 
on the fact that the velocity of sound varies from 
one gas to another, so that variations in com- 
position can be related to changes in velocity 
The source of sound can be excited electrically 
at a constant frequency, some of the acoustic 
energy being received by a microphone located 
at a given distance from the sound source 
However, a serious difficulty found in operating 
sonic gas analysers arises through the formation 
in the analysis tube of stationary waves which 
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are produced by the interaction between the 
direct wave from the transmitter and the wave 
after reflection from the end of the tube. In a 
recent patent it is proposed to eliminate or 
reduce substantially the effect of the stationary 
wave by packing the analysis tube with a 
material having interstices which provide con 
tinuous passages through the material, so that 
sonic or ultrasonic vibrations can be transmitted 
through the material by way of a gaseous 
medium. Suitable materials include plastics 
such as polyethylene, metallic granules, or small 
pieces of glass. The choice of material will de 
pend to some extent on the nature of the gas to 
be analysed, but in general the properties of the 
material should be such that it is impervious to 
the gas under analysis and to water vapour. The 
action of the tube-filling in eliminating standing 
waves is due to the fact that a weak reflection will 
occur at each particle surface, and at any given 
point in the tube a multitude of reflections with 
all possible phase relationships will be received 
These reflections will, however, cancel cach 
other and there will be no interference with the 
direct wave. The effective path length for the 
sound may differ a little from the value obtained 
with the empty tube, but this is of no conse 
quence, provided that it remains constant 


@ GRAPHITE BODIES OF HIGH BENDING AND 

TENSILE STRENGTH 

Shaped bodies made of graphite or carbon 
are used to an increasing extent for industrial 
purposes. This is duc to the extraordinary corro 
sion resistance of the material, combined with 
its good electrical and thermal conductivity 
Graphite, however, has a small resistance to 
breaking and this is a great disadvantage in the 
case of elongated bodies such as thin-walled 
tubes or thin sheets. A recent invention aims at 
climinating this shortcoming by providing the 
graphite body with iron, steel, or preferably 
nickel-steel reinforcing elements, attached to the 
graphite by means of synthetic resinous conden 
sation or polymerization products, or a gly 
cerol or rubber cement. The metals to be 
used as reinforcing elements may be in a great 
variety of forms and may be combined with the 
graphite body in various ways. They may be 
used, for instance, in the form of rods, wires 
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MORTGAGE 
On 
HEATING 








IWVAS THE ViLLAIN 
HOT WATER PIPE HISSES 


It is my job to carry hot water up to baths and radiators. But they might have 


“*T work in a block of flats. 
First there was Fred, the 


called me Luke for all the warmth I used to deliver! I lost most of it on the way! 
boilerman, he used to warm his feet on me; then Mrs. Fred the housekeeper, used to drape her smalls over me. 
And so I cooled as I climbed. But now that’s all changed. I’m decently dressed and decently behaved. Rigid 
sections of Fibreglass hold me tight — from boiler to tap. 
Now it’s hot radiators and boiling baths for everyone, 


everywhere. All my own work—with Fibreglass of course!” 











LANCASHIRE - ST. HELENS 4224 


FIBREGLASS LIMITED - ST. HELENS - 
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strips, or bands of any desired cross-section. In 
graphite rods and tubes, as also in graphite 
sheets, the reinforcing metal elements may be 
mounted on the surface of the graphite body or 
in recesses made in the body. When selecting 
the cement to be employed, the intended use of 
the graphite body must be taken into considera- 
tion. Thus, in cases where the graphite com- 
ponent is to be exposed to elevated tempera- 
tures, heat-resistant cements will have to be 
used. The cements containing artificial resins 
may contain hardeners and fillers. Where im- 
pregnated tubes are concerned, for instance for 
heat exchangers, the rods or wires are embedded 
in the artificial resin in one operation with the 
impregnation of the tube, by immersing the 
tube in the liquid resin and then subjecting it to 
a heat treatment. An exterior coating of hard- 
ened artificial resin produced at the same time 
can then readily be removed by turning at the 
part of the outer tube wall to be used as the 
heat-exchanging surface. 


@ HARD INTERMETALLIC COATINGS FROM 
ELECTRODEPOSITED REFRACTORY METALS 
A recent invention is concerned with the 
formation of hard metallic surfaces or layers on 
metals, and is based on the discovery that har- 
dened surfaces composed of titanium and certain 
other refractory metals, e.g., hafnium, tantalum, 
and tungsten, can be produced on a base metal 
by a special procedure, involving the formation 
of a cladding layer of the refractory metal and 
then causing the transfer of a refractory metal- 
hardening element from the mass of the base 
metal to the cladding layer of the refractory 
metal. If a layer of a hard intermetallic com- 
pound of a transition metal such as titanium, 
zirconium, hafnium, vanadium, tantalum, or 
tungsten, etc. is to be formed, a fused salt bath, 
composed essentially of a halide of the refractory 
and a diluent halide salt, is prepared. It is 
essential that the base metal to be coated con- 
tains an intermetallic compound-forming ele- 
ment such as carbon, nitrogen, boron, or silicon. 
The part to be coated is then immersed in the 
salt bath, and, by making the part the cathode 
and the salt bath the anode, a refractory layer 
is formed on the cathode. The part bearing the 
deposited layer of refractory metal is then heated 
sufficiently to effect thermal diffusion of the 
intermetallic compound-forming element from 
the base metal into the refractory layer. Typical 
base metals are iron and steel, but other metals 
and alloys, ¢.g., copper, brass, bronze, nickel, 
etc., are capable of being provided with a hard 
surface in this way. However, in every case it is 
a prerequisite that the base metal should contain 
at least one of the compound-forming elements 
mentioned, which may be present in the base 
metal either as a component uniformly distri- 
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buted throughout the entire body of the metal, 
or present in large part or even exclusively in a 
relatively thin surface layer of the base metal 
The thermal diffusion of the intermetallic com- 
pound-forming element from the base metal to 
the refractory metal promotes the formation of a 
strong physical bond between the base metal and 
the resulting hard facing. 


@ CRYSTALLOGRAPHIC RESEARCH IN STRESS 

CORROSION 

It is reported that small crystals in a hitherto 
unobserved form may furnish an explanation of 
the cause of stress-corrosion cracking in metal 
structures. The newly discovered crystals grow 
as delicate plates from the surface of stainless 
steel exposed to atmospheres containing traces 
of chloride ions, and ut is believed that their 
growth on the steel surface could lead to a 
chemical cutting of the metal. Minute crevices 
might grow downwards into the metal surface 
as the platelets thrust themselves above it, poss 
ibly leading to stress concentrations at the base 
of the crevices and eventually causing metal 
failure. In the case of an unstressed stainless- 
steel wire exposed to pure oxygen and water 
vapour at 1100°F, for instance, the wire surface 
was found to become covered with innumerable 
oxide “ whiskers", about 2 mucroinches in 
thickness and from 600 to 800 microinches in 
height, the number of these whiskers approx: 
mating 6 « 10° per square inch. When stressing 
the specimen and adding less than five parts per 
million of chloride ions to the atmosphere, in 
place of long thin filaments parallel plates grow- 
ing along a definite crystallographic direction 
are formed, their thickness being 0°5 microimch 
or less. Analysis has shown them to have the 
characteristic structure of an oxide of chromium 
(Cr,O,), and each platelet appears to be a single 
crystal of the oxide. It has been known for some 
time that the chloride ion is a major factor in 
producing stress-corrosion cracking of stainless 
steel. It now appears that the chloride tons can 
stimulate the growth of these plate-like crystals 
in a strongly stressed metal, and this growth 
might result in cracking and ultimate failure of 
the steel. 


@ TRAILING ANODE FOR THE CATHODIC PRO. 

TECTION OF SHIPS 

A recent report claims that the installation 
and maintenance problems of hull-mounted 
cathodic protection of ships, as well as its varia 
tions in performance, can be overcome by using 
a trailing anode. By this method, the anodes 
are removed from the hull proper and consol: 
dated into one light-weight streamlined high- 
capacity anode. Such an anode can be trailed 
far enough from the hull to equalize sea-water 
path resistance between the two members, so 
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10th Edition of 
Avo 
Valve Data Manual 
25/- post free 
TO FILL THE BILL 
a = 
This splendid new AVO instrument has been developed to meet a 19 Ranges 
definite demand for a sturdy pocket-size multi-range test meter at a D.C. Voltage A.C. Voltage 
modest price, suitable for use on modern electronic apparatus as well O— 100mv. 0 lov 
° es . . : 7 Vv. 
as for radio and television receivers, motor vehicles, and all kinds of S— fv 8 100 v 
domestic appliances and workshop equipment. o- ae O- 1000 ¥ 
0-— 250 V 
Readings are obtainable quickly and easily on a very open scale, and ie eee 
range selection is by means of a robust clearly marked rotary switch O— 100uA 
of the characteristic AvoMeter type. Measurements of A.C. and Resistance §=869- = inh 
" . . . O— 20,000: 0 100mA 
D.C. Voltage, D.C. Current, and Resistance are made by means 0—2M.? 4 we 
of only two connection sockets. 
Sensitivity: Accuracy: ane £9/10s. 
10,000 2/V on D.C. voltage ranges. 3°, of full scale value on D.C. complete with Test Leads ond Clips 
1000, .«. AC. ,, Pa hia a. > Size: 5§ x 34 x If inches 


Weight: | Ib. approx. 


To meet special requirements, instruments can’ be supplied 
to a higher degree of accuracy for a small additional charge 


Leother Case 
f required 32/6 





@ Write for fully descriptive leaflet 


Designed and Manufactured by 





AYO Ltd. AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.1  ViCtoric 2404 (9 lines) 
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that essentially uniform current paths are pro- 
duced to all parts of the hull. The trailing anode 
consists of a 90/10 platinum/palladium alloy 
cladding, 0-005 in. thick, on a silver rod, 48 
inches in length. The major portion of the 
anode has a section of } in. dia., gradually 
opening out to } in. dia. at one end. The cable 
attachment and insulated connection are made 
at the flared end and streamlined. The other 
end of the anode is capped with a platinum- 
alloy thimble, sweated in place with silver solder. 
A polyester-resin sleeve is moulded on the 
thimble end for further protection of the joint. 
The cable is a polyvinyl-sheathed flexible con- 
ductor, about 200 ft in length, attached by silver 
soldering to the silver rod. The platinum anode 
has proved itself an effective and comparatively 
simple cathodic protection system for a small 
boat or ship in port and at sea. Platinum anodes 
remain clean in service and do not build up 
resistance films on their surface. The ease with 
which the platinum anode can be trailed under 
service conditions and also its high current- 
handling capacity are claimed to make the sys- 
tem easily adaptable to larger ships. 
@ CONTOUR FORMING OF DIAMOND-IMPREG.- 

NATED GRINDING WHEELS 

In the machining of dies and tools of tung- 
sten carbide it is desirable to have a diamond- 
impregnated grinding wheel which has a con- 
tour of highly accurate dimensions, so that an 
accurate cut of the desired contour can be made 
by a small number of passes of the grinding 
wheel. A recent patent describes a method 
which makes it possible to profile the contour 
of a diamond grinding wheel to within 0-0002 in. 
of the specified dimensions. This method con- 
sists of the use of an accurately shaped dressing 
wheel which rotates very slowly when applied 


to the diamond wheel. A particular feature of 


this method is that only a small peripheral sur- 
face of the dressing wheel is used for any one 
dressing operation, so that the dressing wheel 
can be used for a number of dressing opera- 
tions before it requires re-shaping. The dressing 
wheel is made of aluminium oxide and is of the 
ceramic bonded type. The preferred peripheral 
speeds are about 1250 ipm for the diamond 
wheel and about 2-2 ipm for the aluminium 
oxide wheel, but generally the speed of the dia- 
mond wheel may lie within the range of 600 to 
2000 ipm and that of the aluminium oxide wheel 
within 1-2 to 3-2 ipm. At these speeds the alu- 
minium oxide wheel will be able to cut several 
profiles into the diamond wheel before it com- 
pletes one rotation and has to be re-shaped. It 
is desirable to make the aluminium oxide wheel 
larger in diameter than the diamond wheel 
since, with more fresh peripheral surface, the 
aluminium oxide wheel will be able to re-shape 
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the diamond wheel more often before being re- 
shaped itself. Allowances must be made for 
differences in the binder material for the diamond 
wheel, for depth of the profile cut to be made in 
the wheels, and for the pressure of the aluminium 
oxide against the diamond wheel. 


@ ELECTRICALLY HEATED FLUIDIZED BEDS 

Fluidization techniques in recent years have 
become an important feature in oil refining, and 
their application to fuel combustion has now 
entered the development stage. A recent inven- 
tion envisages the use of electrically heated 
fluidized beds for various industrial and metal- 
lurgical processes, in which the comminuted 
substance of which the fluidized bed consists is 
in particles of such size that the individual par- 
ticles are kept in suspension by the gas in which 
they are distributed. The gas may flow upwards, 
may be without any directed specific movement, 
or may carry the solid particles only because of 
its inherent heat motion. Heating of such a 
fluidized bed can be carried out in such a way 
that its properties as an electrical resistance can 
be utilized, e.g., by passing a current through it 
It is claimed that, owing to the intensive internal 
movement of the suspended bed produced by 
the electric current and because of the powerful 
heat motion of the carrier gas, a very effective 
equalization of heat takes place throughout the 
bed. Electrodes can be immersed in the bed, o1 
the bottom of the vessel enclosing the bed can 
form one electrode, with other electrodes intro 
duced into the bed through the wall of the vessel 
A typical application is stated to be the heating 
of hydrogen to 700 C. In this case, a suspended 
bed of iron-alloy powder can be used, the par 
ticles being kept in suspension by the hydrogen 
introduced into the bed from below and escaping 
at the top. Another application is the reduction 
of alumina with carbon, the bed consisting of 
alumina grains into which powdered coal 1s 
injected. 


@ IMPROVED METHOD OF ELECTROFORMING 


Electroforming is often used for the produc- 
tion of radio components, such as waveguides, 
where a hollow tube or body is required to be 
produced to close internal dimensional limits 
and where a smooth internal surface is usually 
desirable. Electroforming comprises the elec 
trodeposition of a metallic material, ¢.g., copper, 
on a form or mandrel which is made externally 
to the dimensions and the standard of surface 
finish required in the internal surfaces of the 
final product. When the material has been 
deposited to the required thickness, the deposi 
tion process is stopped. The external surface of 
the deposited material is then machined, if re 
quired, and the form is withdrawn. In certain 
cases, however, such as waveguides with right 
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3° TAPPING AT 600 R.P.M! 


Here is an example of a tapping operation witha ag 


Hicycle tool, saving man hours by its speed over by 
laborious hand methods. For example, a 3” hole a 
can be tapped at a speed of 600 rpm and by a Ys 

backward pull of the machine reversed out at il 
1000 rpm leaving a perfectly tapped hole. By AY 
using these highly efficient electric power tools yy, 
hand work is eliminated without the time loss in yy 


taking the job to a machine. You should investi- 
gate Hicycle tools as a means to greater 
mechanisation on production work. Ask for 
Catalogue No. 54C. 
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What is Hicycle? 


A range of electric tools for increasing the output ELECTRIC PRODUCTION TOOLS 
per man by stepping up the electric supply to MADE BY 
200 cycles thus providing a high, maintained work- 
ing speed. Other advantages are: greater reliability 
because there are no armature windings to burn out, 
greater power with no increase in weight, and 
absolute safety because of only 72 volts to earth 
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angle bends, difficulties arise, inasmuch as it is 
necessary to employ forms which cannot be 
withdrawn simply, while another problem is that 
of the deposition of the metal in the re-entrant 
angle of the form. It is now suggested in a recent 
patent specification that the problem of deposit- 
ing material in the re-entrant angle can be solved 
by an improved electroforming method, in which 
the electrodeposition of material in an electro- 
lytic bath is carried out with a conducting mem- 
ber positioned in relation to the re-entrant angle 
of the form in such a way as to guide an increased 
flow of current towards the corner of the angle 
during deposition. The conducting member, 
which is not connected to a terminal of the bath 
used for electroforming, appears to provide a 
path of greater conductivity in the electrolyte 
and thus picks up current from within the elec- 
trolyte, enabling it, by virtue of its greater 
conductivity, to guide the current to regions 
where it would not otherwise flow. The con- 
ducting member can conveniently be made in 
such a shape that pick-up of the current takes 
place at a broad face, and out-flow at an end 
edge or point located in the angle. As a pre- 
liminary step, a prefabricated member can be 
attached to the body being electroformed. This 
member carries an extension piece which tapers 
to the surface of the form and, as deposition 
proceeds, the extension piece becomes virtually 
part of the electroformed body. 


@ EASILY FABRICATED FUSED SILICA 

MATERIAL 

It is announced that ceramic engineers have 
developed a new basic material for making 
special-duty ceramic objects, including rocket 
nose-cones and nozzles, from bonded fused silica 
grains (melted sand). This low-cost ceramic 
material can be easily fabricated into any 
desired shapes by dry-pressing or slip-casting. 
Fused silica for slip-casting is obtained in 
granular form, to be milled in water so as to form 
a finely ground suspension from which suitable 
shapes can be cast in plaster moulds. The 
primary problem has been one of determining 
the particle size distribution, mill additions, and 
milling conditions which would provide the 
required slip. The cast pieces are claimed to 
exhibit the excellent thermal shock-resistance 
characteristics of fused silica. The size or shape 
of the piece does not limit its ability to withstand 
severe shock; in fact, it can be heated to 2000 F 
and plunged into cold water with no deleterious 
effects. The intense heat of an oxyacetylene 
flame directed onto a plate cast from fused silica 
serves merely to fuse the surface, without the 
thermal cracking which is so typical of many 
ceramic materials. The opaque glassy-looking 
solid has three different fields of application, 
i.e., (1) where continuous thermal shock 1s 
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required, as in the production of moulds for 
metal casting, the material will easily withstand 
temperatures in the 2100°F range ; (2) where 
this extreme thermal-shock resistance is not a 
requirement, as in the manufacture of refractory 
bricks for lining high-temperature furnaces, the 
material will stand up under temperatures in the 
3000°F range ; and (3) in the case of nozzles and 
nose-cones for rockets, where heat and thermal 
shock are to be applied suddenly for short 
periods of time, the material will withstand 
temperatures in the 4500 to 5000 F range 


@ POLYMER-TYPE HARDENING SEALANT 


A new sealant, which makes it possible to 
dispense with press fits for retaining bearings, 1s 
a penetrating polymer which hardens only after 
being confined between closely fitted metal parts 
The catalytic action of the metal surfaces, aided 
by the absence of air, is sufficient to harden the 
sealant into a strong heat- and acid-resistant 
bond. The sealant has also found applications 
as a liquid lock for threaded fasteners, as a 
sealant against porosity in welds and castings, 
and as a solder for certain types of joints. The 
polymer is intended for shear rather than tensile 
stresses, and a holding power up to 1000 psi can 
be obtained. An interesting application is in 
ball-bearing installations, where the usual prac- 
tice 1s to prevent the bearing races from shifting 
or rotating with respect to the bearing housing 
or shaft by providing press fits, requiring prect- 
sion tolerances on the shaft and housing bore 
If the fits are too loose, the races will slip and 
rotate, causing fretting of the surfaces ; if they 
are too tight, the inside race 1s stretched over the 
shaft, and the outer race is compressed in the 
bore, so that the life of the bearing is shortened 
In a typical case, with the use of the sealant as 
a filler between the outer race and housing bore, 
it was found that the shaft could be made 0-003 
in. under the actual bore size of the bearing and 
still retain the bearing with a force equal to a 
customary interference fit of 0:0003 in. Also, 
when sealant-treated, the housing could be 
0-0035 in. oversize and would still be equal to an 
interference fit. Before assembly, all parts, ex- 
cept the bearings, are cleaned and degreased 
Care 1s taken to prevent any excess of sealant 
which might creep under the shaft seals. The 
assembly slips on easily without any press fits 
Because it would ordinarily take 12 hr for the 
bond to reach maximum strength, it 1s heated 
for about an hour at 150 1} 





For further information on developments 
reviewed in THE BLUE PAGES, reoders 
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The Need for Fundamental and Wider Research 
on the Strength of Materials 


By M. V. ZaustTiIn. (From ASTM Bulletin, U.S.A. No. 226, December 1957, pp. 52-61, 2 illustrations.) 
When safety factors were comparatively large and when steel was the principal engineering material 
ordinary test data, such as the nominal results of tension tests and a few other properties, were sufficient 
for satisfactory design. Now, however, the position has changed and, as indicated in this article, moder 

design engineers need considerably more refined, accurate, and specific data 


MODERN engineering requires not only more accurate 
calculations but more precise and more suitable test 
data, so as to enable design engineers to predict with 
confidence the behaviour and strength of designs. The 
gap between the strength of parts in service and the 
strength of materials determined in laboratories can no 
longer be bridged by large factors of safety. 

In most cases the disagreement between the strength 
of the design elements and the strength of the specimens, 
made of the same material, is caused by the peculiar 
effect of the stress system (pattern) on the strength of 
materials. Regardless of whether a given stress combina- 
tion is obvious, as in pressure vessels, or is hidden, as in 
cases of stress concentrations and residual stresses, its 
effect is always present. Finding the relationship between 
the actual strength of the design element in service and 
the strength of materials measured in laboratories should 
make a special branch of materials engineering which, 
when applied to metals, might be called “ metal mech- 
anics”’. 

Metal mechanics takes into account all those features 
which differentiate a design element from a test specimen, 
and supplies data which will permit designers to make a 
correct estimate of the real strength of design parts, thus 
avoiding needlessly large or dangerously small safety 
factors. The ideal of modern design engineering is to 
leave to the margin of safety only those factors of strength 
which by their nature belong to the field of probability, 
i.e., such factors as non-uniformity of material, uncer- 
tainties of production, and unexpected behaviour of 
loading. However, even these factors may be treated 
with mathematical exactness by the theory of probability 

While materials data are based on idealized and 
standardized test conditions, stress analysis also suffers 
from simplifications and assumptions which are often far 
from realistic. The theory of elasticity deals with deform- 
ations and stresses in the elastic range, but entirely ignores 
the fact that most failures occur in the plastic range 
For this reason, the stresses calculated from ordinary 
formulae are often not the final design stresses, since they 
represent the actual conditions only in the simplest 
cases, and often must be altered to satisfy existing condi- 
tions. Here is where the role of metal mechanics would 
serve as a connecting link between the strength of a part 
and the strength of a metal 

Modern engineering cannot be satisfied with the 
fundamental assumption of isotropy or perfect elasticity 
It seeks to take into account such factors as direction- 
ality of mechanical properties of materials, using different 
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moduli of elasticity in different directions, 1.c., Wransverse 
and longitudinal, tensile and compressive. In some other 
cases, precision designing rejects Hooke’s relationship 
and replaces it with stress-strain curves, because the 
proportionality between stresses and strains is only 
approximate in many cases. In such cases it 1s necessary 
to use tangent, secant, and reduced moduli. There are 
other cases in which the classical theory of elasticity 
should be modified to take into account “ anelasti 
effects, causing the deformation to be a non-linear 
function of applied stresses 

It can thus be seen that there is a need for having 
Stress-strain data, not only in the elastic range but in the 
plastic range as well, and not only for tension but also 
for compression 

When stresses are not uniformly distributed, the 
theory of elasticity again comes into conflict with reality 
owing to the fact that yield and ultimate strengths belong 
to the domain of plastic deformations 

If, for instance, a beam is subjected to bending by a 
moment which 1s calculated from the ordinary bending 
formula, using a value for the yield strength based on 
0-2”., permanent clongation, it will be found that per 
manent clongation of the outermost fibre will be less 
than 0-2 probably 0-15 To obtain a permanent 
deformation of 0-2",, it will be necessary to increase the 
load, sometimes 20°,, or more, the explanation being 
that the inner fibres of the beam, which are stretched 
elastically, pull back the outer fibres, which are stretched 
plastically and thus reduce the permanent set. A similar 
situation is observed in cases of torsion or in any other 
instances where stress gradient is present 

This is an important situation, because one of the 
most general principles of rational design is the use of the 
same criterion of strength for all design clements In 
this case, the same permanent deformation used for yield 
strength should be used for bending. Adherence to this 
principle may result in a considerable saving of weight 
Since, in bending and torsion cases, the magnitude of the 
residual deformation depends on the relationship between 
the elastic and plastic properties of a material, and since 
this relationship cannot be derived from ordinary tensile 
data, design engineers must have special caperimmental 
data for bending and torsion in the form of moment 
deformation or stress-strain curves 

The theory of clasticity fails to answer many questions 
and it is quite clear that the use of the strongest material 
is Often far from being the correct solution in designing 
the strongest part For instance, when the strongest 
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material is used for making bolts, it does not always 
result in the strongest bolts. In selecting material for a 
pressurized tank, an inexperienced designer may wish to 
take advantage of the high mechanical properties of a 
steel heat-treated to a high strength, without realizing 
that a greater ductility of the same material, treated to a 
lower strength, will more than compensate him with 
respect to strength and safety. Again, the selection of a 
half-hard material for a strut in compression often 
results in a stronger strut than would the use of a full- 
hard material, because of its greater degree of straightness. 
Parts with stress concentrations made of stronger metals 
are often weaker than identical parts made of weaker but 
more ductile material. With steels of medium strength of 
the order of 120,000 psi ultimate tensile strength, fatigue 
limits are often obtained which are almost equal—some- 
times even superior to—those of steels of practically 
twice the static strength. There are many other facts 
that arise as soon as the accuracy of strength prediction 
is considered as a primary factor of design for minimum 
weight and maximum safety. 


THE VARIABLE NATURE OF THE STRENGTH OF METALS 


Only a deeper detailed study of the relationship 
between the properties of materials and the properties of 
stresses will explain many phenomena and answer many 
questions hitherto unanswered, as well as making it 
possible to obtain more realistic data on the mechanical 
properties of materials. 

Not so long ago it was believed that a material 
always possesses the same mechanical properties, regard- 
less of the kind of forces applied and the character of 
stresses. Now, however, it is known that brittleness and 
ductility, for instance, are not inherent properties but 
only mechanical states of a metal, and that the character 
of stresses and the mode of their application may change 
the properties of a material to even a greater degree than 
chemical composition, heat treatment, or temperature. 


The Duality of Stresses : 


No matter what the external forces are, three kinds of 
stresses appear together, i.e., tensile, compressive, and 
shear. Compressive stress as such cannot produce a 
fracture and, from the standpoint of strength, only 
tensile and shear stresses need be considered. The only 
difference between various forces is that they produce 
various ratios of tangential (shear) stress to normal 
(tensile) stress. This ratio is the most important char- 
acteristic of stresses and of their effect on the strength of 
materials. Its value for compression is 2:1, for torsion 
1:1, and for tension 1:2; with pressurized vessels, plates, 
etc., its value is less than 1:2. 

The greater the value of these ratios the * softer ” is 
the state of stresses, i.e., the greater is the tendency of the 
stresses to produce a ductile deformation and ductile 
(shear) fracture. Thus, compression is the * softest” 
state of stresses. The ** hardest ”’ state of stresses occurs 
when the principal stresses are both tensile and equal, 
because the shear stresses in this case are zero. 


Various Effects of the Patterns of Stresses : 


The fact that stresses may be hard or soft is important. 
By changing the pattern of stresses, the whole spectrum 
of ductility from a brittle to a plastic state can be 
obtained. 

Cast iron, some aluminium alloys, and many other 
alloys that are brittle in tension (1 to 2°,, elongation) 
show a considerably ductility in torsion and become quite 
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ductile in compression (10 to 20°,, elongation). Modern 
high-strength (low tempering-temperature) steels have 
small ductility in tension (2 to 3°,), but are reasonably 
ductile in torsion. For all ductile materials, the shearing 
elastic limits, as determined from torsion tests, have been 
found to be much less than the tensile elastic limit. 
Steels which become brittle at low temperatures have a 
considerably higher temperature of transition to brittle 
State in tension than in torsion. In any case of stress 
concentration, brittle fractures occur as a result of in- 
creased normal stresses at the expense of tangential 
stresses. Wire drawn through dies shows a much greater 
ductility than when drawn without dies, because the side 
pressure of a die increases the tangential stress. A sharp 
difference has been noted between impact tests in bending 
and in torsion. 

These examples indicate the close relationship 
between stress pattern, ductility, and strength of metals. 
They also indicate that the selection of the type of mech- 
anical test is important for evaluation of the suitability 
of a metal for a given design element. 

Although the final result also depends on the proper- 
ties of a particular metal, it may be said that the condition 
for propensity to brittle fracture is when t < o, and to 
ductile fracture when t > o, where t is the principal 
tangential stress, and o the principal normal stress. 


The Duality of the Resistance of Metals to Stresses: 


For the explanation of the ductile and brittle be- 
haviour of metals, it is not sufficient to recognize the 
obvious effect of the dual nature of stresses. This be- 
haviour is also a result of the dual character of the resist- 
ance of metals, i.e., the shear resistance which opposes the 
tangential stress, and the cohesion resistance which 
opposes the normal stress. Like the two types of stresses, 
shear and cohesive resistances also have entirely different 
natures. Shear resistance is the resistance of particles to 
slip—a plastic phenomenon. Technically speaking, the 
cohesive resistance is the resistance of a metal to tearing 
off by a normal stress—an elastic phenomenon. 

The condition of propensity of a metal to brittle frac- 
ture is when f > s, and to ductile failure when ¢ < s, where 
t is the shear strength of the metal, and s its cohesive 
strength. Any change of the pattern of stresses (t/o 
ratio) or of the properties of material (temperature, 
strain hardening, heat treating) produces a change in 
the ability of the material to resist external forces, i.e., 
normal and tangential stresses. 


The General Condition of Ductility and Brittleness :— 


The effect of stress patterns, in conjunction with the 
effects of the shear and cohesive strengths of materials, as 
a contributing factor of strength, brittleness, and ductility, 
is at present one of the most important problems. 

When stresses increase, a failure occurs, and the type 
of the failure, i.e., ductile or brittle, depends on which 
resistance (shear or cohesive) is overcome first. In this 
connection, it can be shown that the character of a frac- 
ture does not depend on the absolute values of stresses 
and strengths, but on their ratios. This conclusion 
fundamentally changes the old concept that each material 
has only one mode of fracture. It may be safely stated 
that the adherence to this one-sided idea has retarded the 
development of a rational unified theory of strength and 
has been responsible for the splitting of all theories of 
strength into two groups, without any indication as to 
which group should be used in each given case. It has 
also retarded proper understanding of the nature of 
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ductility, brittleness, and the strength of materials in 
general. 
Conditions of Brittle Fracture : 

Another important conclusion is that a brittle fracture 
may occur as a result of several causes. Since shear resist- 
ance is sensitive to all conditions of tests, a brittle fracture 
may be expected under any one of those conditions 
which increase the shear resistance and make it greater 
than the cohesive resistance. This may happen under 
conditions of low temperature, high speed of deformation, 
and change in crystalline state, such as that caused by 
heat treatment or strain-hardening. On the other hand, 
brittle fracture may be caused by reducing the tangential 
stress so much that the cohesive strength is overcome first 
by the normal stress. This is done by using biaxial and 
triaxial stresses. 

The most urgently required data at present are on the 
effect of combined stresses on tensile yield strength, 
breaking tensile strength, hardness, etc. The need for 
such information will continue to exist until a method 
utilizing shear and cohesive strengths for any combination 
of stresses has been perfected. 

The important problems of testing materials are not 
only to determine the cohesive and shearing strengths of 
various materials but also to investigate their properties 
individually. While shearing resistance obeys the laws 
analogous with those of fluid mechanics, i.e., it depends 
on the speed of deformation (flow), geometry, and tem- 
perature, cohesive strength appears to be little dependent 
on these factors. 

These two properties of metals are the most funda- 
mental constants of the materials because, unlike tensile 
strength, they are elementary. The development of 
methods for determination of these properties should be 
an important part of research at present, and it is not a 
simple problem where determination is needed in cases 
of the shear strength of brittle materials and the cohesive 
strength of ductile materials 


The Importance of Cohesive-Strength Data 


It is impossible to predict the brittleness or ductility 
of the design elements under a full load, especially with 
combined stresses, without knowing the value of cohesive 
and shear strengths, and such predictions become very 
important when safety factors are small 

The strength of pressurized vessels, all kinds of plates, 
etc., cannot be determined with confidence without con- 
sideration of the dual nature of stresses and strength 
especially in designs for ultimate (collapse) values of 
loads. The most important application of the duality 
principle is to the selection of a safe material, Le., a 
material which will not become brittle under combined 
stresses. This point is so important that it should be 
introduced into the pressure-vessel codes 

It has recently been found that fatigue loading reduces 
cohesive strength and, therefore, high cohesive resistance 
is desirable for fatigue resistance. Thus, for development 
of metals suitable for construction of pressurized struc 
tures and of metals resistant to stress concentrations 
residual stresses, and fatigue, metallurgical research 
should look for metals with high cohesive strength 

There is no reason why, if tangential and normal 
Stresses in a Component are known on one hand, and 
shear and cohesive strengths on the other, it should not 
be possible to determine directly the strength and safe 
dimensions of a design member, without referring to the 
unreliable theories of strength. There are many other 
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cases where knowledge of cohesive strength is important 

Even when concerned with plastic properties of 
metals, cohesive strength is an important property 
because, when a metal is being formed or drawn, it must 
have sufficient strength to resist the normal stresses arising 
from the process. On the other hand, for machinability 
cohesive strength should not be very high, in order to 
facilitate chip-breaking 


Stress-Strength Diagrams 


In the stress-strength diagram (Fig. 1), AB and CD 
respectively represent shear yield strength and shear 
ultimate strength, while MN represents cohesive strength 
With regard to the stresses, for cach type of loading the 
ratio to of tangential to normal stress ts constant and 1s 
represented by a line passing through the origin, the angle 
made by the line with the abscissa being determined by 
this ratio 
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Fig. 1 Stress-strength diagram 


If such a diagram were supplied by manufacturer { 


addition to the usual mechanical properties of « 
it would greatly facilitate the selection of materials for a 
given application and even the selection of the theory of 
strength to be used, because it permits not only prediction 
of the type of possible fracture but also estimation of how 
far a material under a given load ts from the brittle stat 
Consider, for instance, the tension line (to ee. 
which intersects the line of cohesive resistance, indicating 
brittle state and brittle fracture. At the same time, the 
torsion line (140 1: 1) intersects the shear yield linc 
indicating ductile yielding. Such condition ight o f 
in the case of a high-strength steel, tempered at a very low 
temperature 

In this diagram all lines are straight Thy only a 
first approximation, and, in reality, none of the lines will 
remain straight under a load. The determination of thes 
curves for various materials and for rious stress syate 
is One Of the most important probler f modern researc! 
in the study of the behaviour and strengt! f materials 
under various types of stressing 

Since stresses change the properties of mater 
stress analysis does not give a complete ar cr concerning 
the strength of a design clement. It must bx pplemented 
if not replaced, by the strength analysis, which take 
consideration the effect of stresses on Use 
properties of materials 
SUGGESTIONS FOR THE IMPROVIMENT OF METHODS oF 

TESTING MATERIALS 
Tension 

The results of tension tests may bx 
and with confidence only to the structur: crmbet 
simple tension, bul they cannot bx ed direct hen, for 
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instance, there is biaxial tension. In such a case it is cus- 
tomary to use one of the theories of strength which is sup- 
posed to determine the magnitude of stress at which 
yielding begins. With regard to what theory should be 
used in a given case, the usual answer is that, for brittle or 
near-brittle materials, the so-called first and second 
theories should be used, and for ductile materials the 
others. Insofar as the question as to what materials should 
be called brittle or ductile is concerned, this is difficult to 
answer, unless shear and the cohesive strengths and 
stresses corresponding to them are known. 

It follows that tensile-strength data from the design 
standpoint are only a special case of resistance of bars in 
tension, just as buckling strength is a special case of resist- 
ance of slender structural members to axial compression. 
Thus, the investigation of tensile strength must be con- 
ducted as a combination of two resistances, the value of 
which must be determined separately for various materials 
under various conditions of stressing and temperature. 


Compression :— 


The usual compression tests of cubic specimens made 
of brittle materials indicate that they break diagonally 
and consequently in shear. This is puzzling, since it is 
known that all brittle materials have greater shear than 
tensile resistance. However, if the top and bottom of the 
cubic specimen are lubricated, the fracture occurs in ten- 
sion, along the planes parallel to the compressive force. 
This is important, because it becomes possible to deter- 
mine the ratio of tangential stress to normal tensile stress, 
in the case of compression. 


Torsion :— 


Testing of materials under torsion deserves much 
more attention than it is usually given. Unlike tension, it 
produces simple stresses. The cross-section of a round 
bar in torsion has only shear stresses and no normal 
stresses. The plane under a 45-deg. angle to the axis has 
maximum normal stresses and no shear stresses, making a 


torsion fracture a distinct criterion of relative strength of 


the material in shear or tension (under normal stress). 
Because of a different t/o ratio in cases of torsion and 
tension, the shearing elastic limit is much less than that 
determined from tension tests. As to the yield point, the 
question arises as to what permanent set should be used in 
order to make it comparable with the yield point in ten- 
sion. 

Using the theory of plasticity, it can be proved that the 
equivalent permanent deformation for torsion is 1-5 times 
the permanent deformation for tension. 

Shear Strength: 

Despite the fact that shear strength has been used in 
engineering for a long time, existing data are scarce and 
often unsatisfactory, probably because of the belief that 
shear strength is a definite fraction of tensile strength. 
At least one textbook on machine design gives the ratio 
of shear strength to tensile strength as 0-6 for all materials. 
In reality, this value is different for different metals and 
even for different states of the same metal, e.g., 0-7 for 
soft Monel metal and 0°56 for hard Monel metal, and 
0:77 for soft nickel and 0-63 for hard nickel. 

The magnitude of shear strength becomes an especi- 
ally important factor in the light of duality of strength. 
Because of the sensitivity of shear strength to temperature, 
speed of deformation, stress character, and crystalline 
state, shear strength becomes a controlling factor of 
mechanical properties. Consequently, the experimental 
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data on properties of shear strength under various condi- 
tions (speed of deformation and temperature) are needed. 

Shear strength is determined in several ways, but each 
method requires further investigation and development. 
Direct single and double shear is not free from friction 
and bending effects. Torsion of thin tubes involves the 
danger of loss of stability, while torsion of solid cylin- 
drical bars is affected by the non-uniform stress distri- 
bution. With the development of the theory of plasticity, 
the last method becomes more attractive. Considerable 
research is needed to obtain more accurate shear data for 
various materials and agreement among various methods 
of testing. 


Stress Concentrations: 


There is a considerable amount of theoretical and 
experimental data on the weakening effect of stress con- 
centrations, but all existing data are for the elastic range. 
It is well known that, in cases of ductile metals, notches 
have no weakening effect and in many cases have a 
strengthening effect. The difference is a matter of ducti- 
lity, but the question arises as to which metals have this 


ability and which do not. 
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Fig. 2. Notch specimen for static tests. 

The most reliable data on the effect of notches in static 
tests are obtained by means of the specimen shown in 
Fig. 2. The use of such a specimen is equivalent to the 
use of two specimens made of the same material and 
subjected to the same load under identical test conditions. 
The position of the fracture in the smooth or notched 
part indicates the negative or positive effect of the notch. 
If D is the diameter of the smooth part and d of the notch, 
it is possible to establish a coefficient which characterizes 
the effect of the notch and the propensity of the material 
to brittleness, i.e., 








On Oo, D* d* D* 


3 
Oo d? d? 


where o,, 4F/nd* and 6 4F/nD*, F being the com- 
mon maximum load that the specimen can sustain in the 
smooth and notched parts 

Obviously, when 0, the effect of the notch is 
positive, and the greater the value of f the more reliable is 
the material in design. 

If the fracture takes place through the notch, in order 
to obtain equal strength of the notch and the smooth part 
it is necessary to increase the diameters of the notch. In 
such a case 6, o, and d D, i.e., the effect of the 
notch is negative. This method is somewhat complicated, 
but gives a numerical answer, although it is not free from 
some degree of arbitrariness, owing to the effect of shape 
and size. It is very easy, however, to make simple qualita- 
tive tests. It would be very desirable to add to the 
properties of each material its mode of fracture in the 
form of the above specimen, in other words, to classify the 
materials as having a positive or negative effect of the 
notch. Since the stress concentration always causes an 
increase of normal stresses which are resisted by the 
cohesive resistance, the search for the best material with 
optimum, resistance to stress concentrations is the search 
for a material with greatest cohesive resistance. 


Impact 


Single impact tests have no value for design purposes, 
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except for the comparison and selection of materials from 
the standpoint of shock and notch resistance. However, 
impact tests made in series, e.g., tests of the same speci- 
mens at various temperatures, permit establishing the 
zone of brittleness and maximum ductility for each 
material. 

At higher temperatures, the speed effect is not suffi- 
cient to produce a cohesive fracture. Only when the 
temperature drops to a certain level does the shear resist- 
ance beceme stronger than the cohesive resistance, and 
the specimen breaks in a brittle manner. 

As is the case in mechanical tests at present, impact 
tests must be conducted at elevated temperatures, as well 
as at room temperature. The data for elevated tempera- 
tures are necessary not only for designing structures 
operating at elevated temperatures but for developing 
technological processes, such as drop-forging or hot- 
rolling. 


Fatigue 

When a part is subjected to simultaneous action of 
constant and variable loads, the endurance limit is often 
determined by means of a diagram of the Goodman type 
These diagrams do not agree with experimental data, 
because they are based on the correlation of two pheno- 
mena of differing nature, i.e., fatigue strength and tensile 
or yield strength. The only correct solution to this prob- 
lem is the experimental determination of fatigue strength 
for various combinations of steady and variable loads 
and plotting them in the form of Smith's diagram. This 
kind of data is quite common in foreign literature but 
practically non-existent in American data books 

Another important problem in the investigation of 
fatigue strength of metals is the development of a method 
of determining endurance strength from short-time tests 
In this respect, the study of mechanical hysteresis and 
resistance to vibrations is a promising field 

Data on fatigue strength at a small number of cycles 
and high stress are often required in military applications 
but are seldom available to the designers 


Ductility Data 


In view of the great importance of the property of the 
ductility of metals, it is strange that up to the present time 
it has received but scant attention from materials engi- 
neers. Seldom can more data on ductility be found than 
elongation at fracture in 2 in. These data cannot be used 
in design, and their only use is in comparing the ductility 
of materials. This is not an accurate measure of ductility, 
because it depends not only on the shape of the specimen 
but also on gauge length. For instance, the elongation 
of a flat bar may be as much as 20°,, smaller than the 
elongation of a round bar. For the designer, the clonga- 
tion in 100 in. has much greater value, and for a tech- 
nologist the reduction of the cross-section and the clonga- 
tion at “ zero-length ” gauge is more important. Cross 
sectional reduction indicates better than clongation the 
forming properties of a metal. Zero-length clongation is 
still better in this respect. 

Stress-strain curves are admittedly good indicators of 
ductility in simple cases. Since ductility depends on the 
type of stressing, and tension is rather a hard-type stress, 
in some cases ductility may better be determined by tor- 
sion tests. For instance, high-strength steels show very 
little ductility in tension but considerably more in torsion 
It should be borne in mind, however, that these measures 
of ductility are not always comparable, and there exists a 
requirement for a more reliable index of ductility. If 
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shear and cohesive strengths are available, such an index 
of ductility can be obtained, and the recognition of 
cohesive strength as a missing link in the evaluation of 
the ductility of metals under load may well provide a 
more realistic approach to the problems of heat treatment 

The cross-sectional reduction is justly considered by 
several authors as a better index of ductility for cold- and 
hot-forming operations, because it does not depend on 
the gauge length and characterizes the maximum defor 
mation under conditions of test. In other respects, it has 
the same defect as elongation, since it does not give a 
complete picture of plastic flow of metal 
two deformations different in nature, 1.« 


It consists of 
uniform and 
localized, combined in different proportions in various 
metals. For instance, for high-strength steels the uniform 


deformation is only 5 to 10°,, of the total ; for aluminium 
alloys itis 18 to 20°.,, and for brasses 35 to 4§ When 
the temperature in a specimen is lowered, the uniform 


deformation changes little, and in some cases even in 
creases, whereas the localized deformation 
considerably. Again, if subjected to impact, the uniform 
deformation ts little affected, as 
tests, but the localized deformation is considerably 
smaller 


ncereases 
ompared with static 


These facts, together with the fact that only the 
uniform deformation 1s utilized in technological processes 
make necessary a separate investigation of uniform and 


localized deformations The determination of uniform 


deformation, however, does not require any special test 
all that is needed being to measure, in addition to the 
diameter of the neck, the diameter of the straight part of 
the specimen 
Effects of Temperature 

Although considerable satisfactory data on creep, 1« 


| 
the long-time effect of heat on strength and clongation at 
relatively low temperatures under a constant load, are 
available, sufficient data do not exist for certain modern 
requirements, ¢.g., a combination of high rate of los 
with high rate of heating. However, although the 1 





heating does not appear to be very important, the te 
perature itself is definitely of importance Some tes 
indicate a certain increase of tensile strength with the 
increased rate of heating, but this increase may be ascribed 


to the effect of increased speed of deformation and sensit 
ivity of the resistance of hot metals to the speed of def 


mation 


It might be expected that, at high temperatur het 
the crystalline changes take place, the rate of he 
might affect the strength of metals indirectly, | fl 
for instance, the formation of austenite i rhon stex 


Recent investigations indicate that the rate of heating 


has no appreciable effect on the formation of austenimt 
This is fortunate, because high-rate heating test sy by 
simplified and reduced to tests of metals at high tempera 
tures and a convenient rate of heating, as we us te fon 
the effect of speed of deformation at clevated 
tures. Certainly, the rate of heating : nportant where 
thermal shock is concerned, although this phenomenor 
dangerous only when the material is br ‘ i} 
thermal conductivity 

In addition to tensile strength, other mechar al or 
pertics are needed, including the modulus of clasticity 
which 1s best determined by the vibrational method, 


which longitudinal vibrations are used for determinatior 
of tensile and compressive moduli, and torsional vibra 
tion for determination of shear modulus 

In short-time heating tests, the mode of heating 
important, since clectric heating ™ practically uniort 








whereas gas heating spreads gradually from the heated 
surface. Strength-temperature curves are desirable, since 
some materials that are strongest at elevated temperatures 
are much more adversely affected by high temperatures 
than others. 

Insofar as low temperatures are concerned, data on 
their effects are necessary in designing such equipment as 
refrigerating machinery and equipment for handling gases 
in the liquid state. Investigation of metals and alloys from 
the standpoint of brittleness at low temperatures is very 
important, but the available data about the transition 
point are not abundant. Other scarcely investigated 
problems are the strength of metals at room temperature, 
after they have been subjected to low temperature, and of 
thermal fatigue caused by alternating low and room 
temperatures. 

Thermal Properties of Materials : 

Thermal tests include thermal conductivity, heat 
capacity, and thermal expansion. Heat-transfer prob- 
lems cannot be solved accurately unless the heat con- 
ductivity and heat capacity as functions of temperatures 
are known. The value of thermal conductivity, for in- 
stance, changes by a factor of 2 or more. Unfortunately, 
very few data of this kind have been published, despite 
the fact that modern methods of instant registration of 
temperature permit quick and simple determinations of 
the thermal properties of materials. 

Complete Stress-Strain Curves : 

Tensile properties of metals are best described by 
stress-strain curves. There are many engineering prob- 
lems in which it is important to have complete stress-strain 
curves, which are necessary for many reasons, the most 
important being that their absence reduces the usefulness 
of the modern theory of plasticity. 

Stress-strain curves are necessary in designing for 
maximum load (collapse load) instead of maximum 
stress. This method is increasingly used because 
of its more realistic approach to the problem of 
strength and safety. In many cases where this method is 
applicable, a considerable saving of weight is obtained. 
In cases of variable loading of statically indetermined 
structures, a stress-strain relationship is necessary for 
determination of the “* shake-down ” state of stresses, i.e., 
the limits of variable loading that make the structure 
work within the new elastic range created by the initial 
overloading. 

Accurate stress-strain curves are necessary for deter- 
mination of the usual mechanical properties of metals, 
such as modulus of elasticity, limits of elasticity and 
proportionality, yield point, ultimate strength, and 
breaking strength. These properties are different in tor- 
sion and must also be determined, not only for room 
temperature but also for low and elevated temperatures. 
They are necessary also for determination of tangent and 
secant moduli of such materials as aluminium and 
magnesium alloys, stainless steels, titanium, and for all 
metals at elevated temperatures. It often happens that a 
material which is the strongest at low stresses and elonga- 
tions becomes the weakest at high stresses ; similarly, a 
material which is the strongest at room temperature be- 
comes the weakest at high temperature. In such cases, 
stress-strain curves, drawn on the same diagram, clearly 
show the point where the difference changes its sign. 

Without stress-strain curves, the development of 
metal-working operations and rational design of equip- 
ment for such operations is practically impossible, since 
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stress-strain curves determine not only the limits of 
formability but also the elastic setback and other factors 
of design when permanent plastic strains are used. The 
shape of a stress-strain curve already gives an idea of the 
technological properties of a metal. 

An entirely new metal can be evaluated safely if its 
stress-strain curve is available. In the future, the principal 
tools of a designer will be accurate stress-strain curves 
drawn with double lines, indicating minimum and maxi- 
mum values. The most useful tool will be testing 
machines which automatically draw accurate stress-strain 
curves. 

True Stress-Strain Curves : 

True stress-strain curves are becoming more and more 
important with the development of the use of the theory 
of plasticity. The true stress is obtained by dividing the 
tensile force by the cross-section at the time the stress is 
measured. In the area of necking, the effect of the shape 
of the neck has a reinforcing effect which should be cal- 
culated and deducted from the values obtained by the 
tests. This correction may be as much as 20°,,. It is neces- 
sary, because its effect is that of shape and has nothing to 
do with the properties of metal. True stress is widely used 
in the study of plastic deformations and also of elastic de- 
formations, when they are large, as in the case of rubber. 
Cast iron and some cast aluminium alloys have small 
deformations, and the difference between the nominal and 
true stresses is negligible, but in the case of some stainless 
steels it is considerable. 

True stress-deformation curves do not show the 
ultimate strength, but they clearly give the measure of 
strain-hardening. The true stress-strain curves are im- 
portant when it is required to correlate tensile data with 
those of other forms of test, such as torsion and bending, 
and for the solution of the general problems of yielding 
and failure under conditions different from the test 
conditions, as in the case of combined stress con- 
ditions in structures or in hot- and _ cold-forming 
operations. The ductility of a metal and the effect of 
strain-hardening are more accurately determined by true 
stress-strain diagrams than by the use of the conventional 
elongation in 2 in. 

Probability Distribution Data on Strength of Materials : 

Even if large safety factors are used in the deter- 
mination of allowable stresses, failures occur. The reason 
is that the so-called minimum or guaranteed values of 
strength of materials are not the absolute minimum. 
From the standpoint of safety and reliability, it is not so 
much the values of minimum or average strengths that 
concern a design engineer but rather the scatter of the 
experimental results which characterize the uniformity of 
material. The minimum values are guaranteed in the 
sense that no one of the relatively small lot of specimens 
will fall below the specified value. If one does fail, the lot 
of material from which the specimens were taken will be 
replaced. Thus, only a curve of probability distribution of 
the experimental data on a large number of tests can 
provide a real picture of the strength of the material. 
Now, having another curve of probability distribution of 
stresses, it is possible to obtain a curve of probability 
distribution of safety factors, and such a curve tells what 
factor of safety should be selected if the percentage of 
failure is prescribed. This approach to the problem of 
safety is clear and definite, as contrasted with the am- 
biguous statement that a structural member is designed 
for a safety factor of, say, 2 or 3 
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Photoelastic Investigation of a Helical Spur Gear 


By E. MoOncu and A. K. Roy. 


(From Konstruktion, Vol. 9, No. 11, November 1957, pp. 429-438 


24 illustrations.) 


HELICAL gears make contact along a straight line extend- 
ing obliquely from the tip towards the root of a tooth in 
mesh (Fig. 1). On rotation, this line of contact is dis- 
placed parallel to itself in the plane of contact, with a 
variation in the active length and the number of teeth in 
mesh. The change in torque lever arm and tooth stiffness 
along this line also causes variations in tooth pressure and 
root bending stress. The complicated geometry permits 
only an approximate calculation, based on the fact that 
the sum of the deflections of two teeth in mesh must be 
constant along the line of contact. An approximate 
determination of tooth pressure can be made experi- 
mentally from the visible width of the contact zone on 
teeth which have been smoked or blued before loading 
The stress-freezing method, using an epoxy resin (Aral- 
dite) as a material for constructing the photoelastic 
model, permits a closer investigation of the contact 
stresses and root bending stresses under static conditions, 
i.e., without friction. 

In helical spur gears, the general pattern of contact 
pressure at any point will be very nearly that made by two 
parallel circular cylinders with axes parallel to the line of 
contact and a common perpendicular to the tooth flank, 
the maximum root stress being very nearly in the plane of 
normal section. At an unloaded end-face, however, the 
maximum (i.e., principal) root and contact stresses must 
be in the plane of this end-face. Consequently, if the 
photoelastic sections are cut from the three-dimensional 
frozen model so that they represent normal sections, the 
principal stresses (at least at all points away from the 
end-faces) must fall nearly into the planes of the sections, 
and the maximum deviation from this plane will not ex- 
ceed the value of the helix angle. It is naturally impossible 
to take a plane section in such a way that the tooth flanks 
are everywhere intersected at right angles, but the error 
remains very small over a large region 


EVALUATION OF THE PHOTOELASTIC PATTERN 


Fig. 2 represents a section taken from the Araldite 


model of a helical gear, O being a free surface, e.g., at the 
root, shown in this case as a convex surface normal to the 
plane S of the section. The stress og normal to O is zero, 
and the principal stresses o; and oe in the plane of O are 
inclined to S. With direct viewing along the chain-dotted 
line perpendicular to S, the number vn of fringes seen at 
the surface O (e.g., as in Fig. 4) of the section then indi- 
cates the magnitude of a “ secondary “ principal stress 
co,’ parallel to S, its value being 


oe 6) cos* a o2 sin? a inid (1) 


where a is as shown in Fig. 2, / is the fringe value (ex- 


pressed as a pressure per fringe in a section of unit thick- 
ness), and d is the thickness of the model section. If the 
section is now turned about the normal to O at the point 
considered, so that o3 remains zero and the ray of light / 
enters the section obliquely at a known angle y, the 
same equation holds, with a—y replacing a and d cosy 
replacing d, and with another number n’ of fringes ob- 
served. A third equation is obtained for an angle of 
viewing y, and the three equations can be solved for 
6}, G2, and a. In the evaluation of the maximum root bend 
ing stress of the gears here investigated, the angle a was 
always less than 7 deg. Since o; represents the true root 
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bending stress, and as og (the stress along the root) is 
much smaller, the error in assuming a O is in this case 
very small, so that a simple (two-dimensional) evaluation 
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Fig. |. Detail of a helical gear, showing (1) the base circle, (2) the lune 
of contact, (3) the plane of ceatact, and (4) tooth traces 


by normal viewing of the highest boundary fringe order n 
will suffice, i.e 


a ind (>) 


If O in Fig. 2 represents an interface and oy is not zero 
but is known to be parallel to S, as, for instance, at points 
directly below the centre of contact, the fringe order a» 


in normal viewing indicates the “ secondary principal 


stress difference o3 —0;', oF 
o (a; cos* a o2%8in> a) ind (4) 


The theory of Hertz applied to parallel circular cy! 
inders in contact under pressure shows that the maximum 
principal stress difference o o 

0-60 po occurs at a point 
located at a distance 0:-78a below 


the centre of contact on the sur a 
face, where po 1s the maximum / 
(central) contact pressure and a ts LE, 
the half-width of the rectanglk . | 74 
44 
of contact, and that at point } 
it 
the stress in the direction of 1“ 
‘ a 7 . 
r } 
» 
Fig. 2. Oblique meidence of light y } 
on a section cut normal to the s t 
free surface O ‘ ' 
, 
the contact normal, ic., parallel to S, no O THK; 


while the stress transverse to the cylinder arcs o 
O-188p0o, and the stress parallel to the arcs o 
0: 488po, assuming a plane state of strain with Pomsor 

ratio v ~ 0-5, as 1s usual with the frozen-model technique 

The half-width a, the maximum contact pressure po, and 


the load P acting on unit cylinder length are related by 

a 2P np (4a) 
‘ aK | 1 ) (' 
) 

\ mn R, R; / hs 
where AR; and Re are the radu, fy; and Ls are Young's 
moduli, and v; and ve are Pomson’s 
cylinders simulating the contact of the teeth in mesh 


Insertion of the Hertzian stress values in og (4) yrclds, for 
normal incidence 


rathwn of the tw 














Fig. 3. Loading rig for test gears and calibration bars. 


0-30po (1 + cos? a) = fn/d .. « & 


With a —y and d/cos 7, instead of a and d, this equation 
also applies for oblique incidence under a known 
angle y giving n’ fringes at the point z; hence, po and a 
can be calculated from two observations. 

The section is mounted for normal incidence and the 
highest fringe order under the contact point determined 
visually, by Sénarmont’s method, if required. The section 
is then turned about the contact normal and another 
observation for the same point is taken obliquely. The 
maximum angle a in the gear investigated was found to 
be 18 deg. According to eq. (5), the error in assuming 
a = Ois then only 45%, so that simplified viewing with 
normal incidence only and with fn/d 0-30po is in this 
case justified. The line load P can be calculated from 
eq. (4b) but, since determination of the radii of curvature 
at the contact introduces errors, a simpler method will be 
satisfactory. Thus, when the highest fringe order (maxi- 
mum principal stress difference) below the contact is 
compensated by Sénarmont’s method, its point z appears 
black and the distance z = 0-78a from the surface can be 
measured microscopically on a photographic negative. 
As a result, a can be determined and P calculated from 
eq. (4a) in the form 

TMapo Tt z fn 2 
P 3 > (5) (o78) (aaa) ~—6:714fnz/d (6) 

As acheck, the integral of P over the contact length, as 
found by evaluation of the whole series of sections, must 
equal the.total applied tooth load. 

If T is the torque to be transmitted by the proposed 
gears, J’ the torque applied to the model, A the scale of 
gear to model, and P’ and o’ respectively the load per 
unit length and the root bending stress obtained for the 
model section, then, according to simple dimensional 
similarity, the unit load P of the actual steel gear is 

P P’ (T/T')\A/22) eg << </> 
and the bending stress o in the actual gear is 
o Qi R) = « ie 

However, in this instance, the deformation of the 
model is about twelve times that of a steel gear, so that 
similarity is no longer exact; in particular, the width 2a 
of the contact zone will be dissimilar. Nevertheless, it 
may be said that the overall bending deflection of the 
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teeth, and hence any root stress not in the immediate 
vicinity of the contact point, will be proportional to the 
loading, independently of a, and that for small contact 
areas the tooth surface may be approximated to a plane 
infinite surface and the body of the tooth to a semi- 
infinite solid. The Hertzian theory then shows that, for 
equal values of po, the load P is proportional to a and the 
point of equal og values ( 0-788po9) is depressed pro- 
portionally with a, and therefore with P. On the whole, 
all the deflections are therefore approximately propor- 
tional to the loading, and simple similarity can be 
used without great error. Moreover, in the plane state of 
strain here assumed as a good approximation, the dif- 
ference in Poisson’s ratios for steel and for the frozen 
model affects only the unimportant stress normal to the 
plane of the section, and any possible dissimilarity in the 
length of contact is negligible, compared with the total 
length involved. 


TesT PROCEDURE 

The casting mould for the models consisted of a steel 
plate with a circular groove, into which a sheet-metal 
cylinder was fitted, silicone paste serving as a seal and 
release agent. Araldite B was heated to 150°C, the 
hardener added in a proportion of 3 parts in 10, and the 
mix stirred until clarified, after which it was cast in the 
hot mould (100°C), cured for 24 hr at 100°C, removed 
from the mould, and cooled at 1°C per hour. The model, 
now showing six cooling-stress fringes, was annealed for 
72 hr at 150°C and cooled slowly as before, when it 
showed only one fringe in a thickness of 100 mm. The 
blanks were then turned and the teeth hob-milled, with a 
plywood plate on one side of the blank, so as to prevent 
chipping. When not in use, all models were stored in a 
desiccator. 

Quarter-segments of a pair of gears were loaded, as 
shown in Fig. 3, by a weighted torque arm acting on the 
““ movable” gear (left), which was mounted on deep- 
groove ball bearings to avoid friction and to take the 
thrust. The fixed gear (right) was mounted on eccentrics, 
so as to allow for inaccuracies in the gears and loading 
rig. To ensure uniform contact over the whole width, the 
eccentrics were so adjusted that a feeler-gauge 0-002 in. 
thick, inserted into the line of contact from either side of 
the gears, showed equal resistance against withdrawal. 
The meshing position was adjusted by means of set- 
screws supporting the fixed gear against the frame, and 
the torque arm was maintained horizontal by screws 
which positioned it with respect to the movable gear. 
Centre distance and tip play were chosen so as to allow 
for the thermal expansion of Araldite, and tooth friction 
was reduced by greasing with silicone paste. The calibra- 
tion bars (a) in Fig. 3, which were cast and annealed 
simultaneously with the models, were loaded in pure 
bending, and their fringe values and Young’s moduli were 
determined from the frozen stress pattern and the frozen 
deflection measured with a dial gauge. 

The unloaded model and calibration rigs were heated 
in an oven to 150°C, and left for 24 hr, to ensure thorough 
heating-through of the models and the relief of any edge 
stresses. They were then loaded so that a satisfactory 
frozen fringe order would result, left for a further 3 hr, 
and finally cooled at 1°C per hour. The position of the 
sections (Figs. 6 and 7) was marked on the cold model 
removed from the rig. One side of the first section was 
end-milled, using a 120-mm cutter, and then cut to a 
thickness of 5 mm with a bandsaw, after which the milled 
side was affixed to a steel plate by means of a plastic-tape 
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Fig. 4 Fringes in (left to right) teeth Nos. 2, 3, and 4, for section AS in 
Figs. 6 and 7. 
























































Fig. 5. Fringes in (left to right) teeth Nos. 2, 3, and 4, for section A6 
in Figs. 6 and 7. 


adhesive on both sides, and the section milled down to a 
thickness of 3 mm. Subsequent sections were similarly 
obtained. 

For observation under oblique incidence, the section 
was mounted in a special tilting rig for normal incidence, 
the point to be observed and its normal to the surface (or 
contact normal) being adjusted to coincide with a 
stretched wire marking the axis of rotation. The jig was 
immersed in a liquid of the same refractive index (1°59) 
as Araldite B, so that the fringes could be examined easily, 
before and after rotation through a measurable angle 
by means of a telescope across glass walls perpendicular 
to the light, i.e., B y in Fig. 2. The liquid chosen, 
(69°5°,, quinoline and 30°5°,, benzene by volume) did 
not react with the model, even after immersion for three 
days. The high accuracy obtained with this equipment 
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Fig. 6. Arrangement of sections and distribution of tensile root bending 
stresses along the contact line 
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was checked by observation of vertical sections cut 
obliquely under known angles y from calibration bars 
bent in a vertical plane, and also by recalculation of these 
angles from fringe observations 


Test RESULTS 


The model gears used (Figs. 4, 5, 6, and 7), each 
81 mm in width and with 25 involute teeth (a 20 deg 
normal pressure angle), had a module m of 10 mm in 
normal section, a helix angle 6 (left handed) of 27 30, 
and a helix angle ff in the 
25°40’ (sin B, sin [} cos a) 
verse) € was 1-44, and the transverse pitch / in the contact 
plane was 32:76 mm (=m cosa cos f,), the theoretical 
transverse length of contact ef being 47:1 mm. The torque 
T’ applied to the model gears was 325 kg-cm, and the 
total normal tooth load P, (= 2T 25m cos a) was 27-6 
kg. From calibration tests, the fringe value / of the models 
was 0:255 kg/cm, and Young's modulus £ for the pair of 
gears was respectively 138 and 144 kg/cm 

Figs. 4 and 5 show the fringes in two sections under 


contact plane ol 


The overlap ratio (trans 


normal incidence, while Figs. 6 and 7 show the arrange 
ment of the sections and the distribution of the root 
bending stress and contact line force evaluated from the 
series of sections, using eqs. (2) and (6), the maximum 
values being 5-95 kg/cm® for root bending stress, and 
2-086 kg/cm for contact line force 

The refinement obtained by oblique incidence is not 
considered here, as it does not affect results appreciably 
If the area under the curve in Fig. 7 1s evaluated, the total 
normal tooth load P,' is obtained, and a check gave an 
error of —7°5 Consequently, assuming the distribution 
to be correct, the best result is probably obtained by 
increasing all measured values of P by 7:5 so that the 
maximum contact line force becomes 2:24 kg cm 
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Fig. 7. Arrangement of sections and distribution of contact line force 


The distribution of the contact line force confirms the 
results obtained by other experimental methods, and in 
particular the fact that the maximum occurs near the 
centre and not at the sides of the gear. The chain-dotted 


line in Fig. 7 gives the result of an approximate analytical 





method and shows that the calculations cxaggerate the 
effect of non-uniformity 

In another test, similar model gears were investigated 
in another meshing position, but the results obtained 
seemed to be somewhat faulty, probably owing to mis 
alignment of the axes, despite all precautions The 
maxima appeared near the sides and were rather higher 
than those obtained in the first test 
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Titanium-Plating Processes and Properties of Coatings 


By M. E. Sipert and M. A. STEINBERG. (From Materials in Design Engineering, Vol. 46, No. 6, November 1957, 
pp. 132-133, 2 illustrations.) 


ALTHOUGH considerable research has been devoted to 
finding a low-cost plating method for titanium, titanium 
plating has not as yet reached the production stage. 
Nevertheless, on the basis of recent promising research, 
commercial use of titanium coatings appears to be 
imminent. 

A titanium coating provides the base metal with the 
excellent corrosion resistance of pure titanium. Titanium 
coatings are smooth, essentially non-porous, and inert to 
a considerable number of mineral acids, alkalis, and salt 
solutions. For this reason they are ideally suitable for use 
in chemical processing equipment. Because of their poor 
seizing and galling characteristics, they are not, however, 
suitable for use on sliding surfaces where friction is 
present. 

With the exception of aluminium chloride, unstressed 
titanium appears to be completely resistant to salts. 
Titanium has shown exceptional resistance to sea-water 
and has not been pitted by stagnation in crevices, under 
moist crystals, and under fouling growths. Similarly, 
titanium-plated ingot iron has shown no signs of corro- 
sion after exposure to a 20°, sodium chloride solution for 
three months at room temperature. 

Excellent results have also been obtained with 
titanium-plated ingot iron exposed to acid media. 
Specimens tested for three months at room temperature 
have shown only traces of corrosion after immersion in 
20°,, and in concentrated nitric acid, in 20°,, and in con- 
centrated hydrochloric acid, and in concentrated sul- 
phuric acid. In some cases these results differ from, and 
are somewhat better than, those obtained with solid 
titanium. For example, sulphuric acid and concentra- 
tions of hydrochloric acid above 4°,, attack unalloyed 
solid titanium quite rapidly. 

To date, the mechanical and physical properties of 
titanium coatings have not been studied extensively, 
though some measurements have been made on coatings 
produced by electrodecomposition plating. In general, 
the thickness which can be obtained in one electrolysis 
cycle is limited to about 1:6 mils. Thickness can be built 
up by repeated cycling, and coatings 8 mils thick have 
been reported. Individual hardness measurements have 
been made after each of five successive electrolysis cycles 
during electrodecomposition plating. Hardnesses (VPN, 
25-gm load) of the first to last plates were 119, 167, 340, 
383, and 352, respectively. Insofar as adhesion is con- 
cerned, bar specimens have been bent through 60 deg. 
with no evidence of spalling or flaking of the coating. 
In addition, specimens have been rolled to approximately 
a 30 to 40°,, reduction without fracturing the coatings 

Theoretically, several methods are available for de- 
positing a titanium coating, including aqueous electro- 
plating, non-aqueous electroplating in a low-temperature 
electrolyte, fused-salt electrodecomposition plating, and 
fused-salt soluble-anode electroplating. 

Because of the presence of oxygen-bearing solvents, 
the first two methods are incapable of producing satis- 
factory titanium coatings. Titanium ions have an affinity 
for oxygen and tend to form very strong titanium-oxygen 
bonds. Consequently, attempts to plate titanium from 
aqueous or other oxygen-bearing media invariably pro- 
duce deposits of a titanium oxide or hydrated oxide 
rather than pure titanium. 
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ELECTRODECOMPOSITION PLATING 

The most promising titanium coatings have so far 
been obtained by fused-salt electrodecomposition plating 
and by fused-salt soluble-anode electroplating. Inert 
anodes such as graphite or platinum are used in electro- 
decomposition plating, which deposits titanium by de- 
composition of an electrolytic compound. Briefly, the 
steps in the process can be summarized as (1) ionization 
of titanium salts in a suitable melt; (2) migration of 
titanium ions under the influence of direct current; (3) 
simultaneous deposition of cations at the cathode and 
anions at the anode; and (4) formation of gas at the anode 
and titanium plate at the cathode. During electrodecom- 
position plating the electrolyte must be replenished to 
maintain a fairly constant concentration. 

Many of the early unsuccessful attempts at electro- 
decomposition plating resulted from the failure to realize 
the importance of using oxygen-free materials and inert 
atmospheres. Recently, however, satisfactory titanium 
coatings have been produced with a process using a 
titanium trichloride-sodium chloride-potassium chloride 
melt, and also with processes using fluoride decomposi- 
tion. The fluoride-decomposition process is essentially an 
electrolysis of a potassium-titanium fluoride and sodium 
chloride salt melt which deposits titanium on a cathode. 
Lithium and potassium chloride salts can also be used 
instead of sodium chloride. However, sodium chloride 
has usually been selected, since it is readily available in 
pure anhydrous form and behaves well electrolytically. 

For most work, a 15 to 17°,, concentration of potas- 
sium-titanium fluoride in sodium chloride has been used 
as the melt (fluoride concentrations of 5 to 25°(, have also 
been used successfully). This combination melts at about 
1330°F and has good fluidity at the usual electrolysis 
temperature range of 1560 to 1740 F. 

Most of the actual plating occurs during the early 
part of the electrolysis cycle. Plating stops after a certain 
point, and continued electrolysis produces a crystalline 
deposit around the cathode. This deposit can be washed 
off, however, and the cycle can be repeated to obtain a 
thicker plate. 

Ingot iron and cold-rolled steel cathodes in the fem 
of bars, cylinders, and truncated cones have been success- 
fully plated. In a typical multiple electrolysis, a 0-:246-in. 
bar was plated at 5-7 V and 95 A/dm? at 1670 F, using a 
16°,, potassium-titanium fluoride and sodium chloride 
melt. After five successive plating and washing cycles, the 
total plate thickness on each side of the bar was 8 mils, or 
1:6 mils per cycle. 

Temperature has a marked effect on the process. 
Titanium coatings with poor continuity and bad peeling 
characteristics are produced below 1470 F. However, 
electrolysis conducted between 1470 and 1650 F always 
produces a diffusion bond between the titanium and the 
base metal, and this diffusion bond is largely responsible 
for the good adhesion that is obtained. 


ELECTROPLATING 

Despite the fact that little data has been published on 
the electroplating of titanium, it appears that this method 
of deposition is equally as promising as electrodecom- 
position plating. Electroplating processes using soluble 
anodes may employ melts which are similar to those used 
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in electrocecomposition plating, but the ultimate source process control is simpler than that required for th 





e¢ 
of titanium is the anode itself. Briefly, the steps employed trodecomposition plating process 

in electroplating consist of (1) ionization of titanium salts Extensive research has been conducted on soluble 

in a Suitabie melt, and (2) simultaneous formation of a anode processes, the most promising results being ob 
titanium solution from the anode and deposition of tained with titanium trichloride melts. Successful plate 

titanium from the melt on the cathode, such that constant ave also been reported with magnesium chloride melts 
titanium concentration is maintained in the melt. Only the Reduced halide melts have been used to p on 
anode has to be replaced during electroplating. and Concluded on page 70) 





A New Point-Contact System for Gear Teeth 


By A. N. KALUZHNIKOV. (From /zobretatelstvo V SSSR, No. 11, 1957, pp 26-27, 30-31, 6 illustrations.) 


GEAR transmissions are one of the major factors in the Many examples show that gears with line conta 
development of turbo-propeller aero-engines. The reduc- which, in theory, are meshing correctly do not operat: 
tion gear is one of the most important elements in the de- satisfactorily in practice. When designing gear-whee 
sign of helicopters and aircraft for vertical take-off and it IS necessary to make extensive use of so-called * bar 
landing, and, for this reason, improvement of gear trans- relled * teeth for spur-gears and of teeth with a limited 
missions merits the greatest attention. zone of contact in bevel and hypoid transmissions. These 
In their long history of devclopment and theoretical types of teeth operate with a point contact, but this point 
analysis, involute gears have reached a high degree of contact is derived from a line contact and thus const 
perfection. However, the involute tooth form no longer tutes, in a sense, a “ distorted “ or * degenerated " linc 
satisfies all the requirements facing high-power gear engagement 
transmissions. The fundamental weakness of involute In the analysis of the contact-pressure strength of 
teeth is their inadequate contact-pressure strength, which gear teeth, the radu of curvature of meshing profiles u 
depends mainly on the curvature of the meshing profiles the transverse-plane cross-section play a large part 
This curvature, as expressed by the Euler-Savari theorem, These radii of curvature cannot, as is well known, be 
essentially depends on the radii of the pitch circles arbitrary. The relation between the radii of curvature of 
Hence, if the major dimensions of the involute gears are meshing profiles, the radi of the pitch circles, the pres 
given, it is no longer possible to vary materially the curva- sure angle, and the distance of the point of contact fro 
ture of the tooth profiles for the purpose of improving the pitch point is expressed by the Euler-Savari equatior 
their contact-pressure strength. With high-quality gear Le 
materials the direct contact stress often constitutes the : 
limiting stress. In these circumstances it is impossible ( . ) sin a 
to achieve an appreciable reduction in the size of the Picl Pp R R 
gears and therefore in the bulk and weight of the gear The notation of the quantities which enter is 
transmission as a »hole. equation 1s illustrated in Fig. |. When the point of 
tact coincides with the pitch point, tl I r-S 
ae equation assumes the for 
, 
, y | | | 
a7 > { | ( kK } ) na 
yet / 
7" | The left-hand part of this expr On Cor ite 
Pos A } so-called eflective curvature which 1 the basn 
1G: f a 2 metrical factor affecting the magnitude of contact c 
boy | te “id Pression stresse 
/\ Substituting in the Hertz fort craps 
*) / 2] 
/ ? compression stress in bodies under direct conta 
/ sure) the expression for the eflective curvature : i 
Jf . tained, the maximum value of the compr wor m 
| I given by 
Fig. |. Notation of quantities entering into the Euler-Savari equation 
, 
Gear transmissions with involute teeth, like all gears a O418 1 1. ( | ) 
with line contact, are highly sensitive to errors in the b Ri Kk st 
alignment of the gear axes. Angular alignment errors where P, the tangential force and + the f 
resulting from machining or assembly cause a non-uniform The application of the LEuler-Savari eq f 
distribution of the load along the face width of the tooth case of the involute tooth profile, she 
Pitch and profile errors cause additional dynamic loads ternal gears, in which a convex profile rolls a 
and hence the actual stresses in the teeth are considerably cave profile, the magnitude of the effective f 
higher than those computed from the average tangential considerably smaller than in extert goat where 
forces. Deformations of the supports, the shafts, and convex profile rolls along another convex profil ! 
the teeth under load also cause a non-uniform distribu magnitude of the effective curvature in intert Pe 
tion of loads along the face width and thus have a detri diminishes with a decreasing difference betwee 
mental effect on the operation of gear transmissions radu of curvature of the meshing profik 
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Fig. 2 shows a case of external gear engagement in 
which, however, as with internal involute gears, a convex 
profile rolls over a concave profile. The radii of curva- 
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Fig. 2. Diagram of external gear-wheel contact. 


ture of the meshing profiles are equal, and these profiles 
are circular arcs so situated that, at the instant of con- 
tact, the common centre of the identical circular arcs 
is at the pitch point. Once again, this a line contact, 
and the effective curvature is zero. Consequently, its 
reciprocal, i.e., the effective radius of curvature, becomes 
infinite. The engagement so illustrated serves as the basis 
of a new system of gear meshing, invented by Novikov, 
and already subjected to a limited amount of practical 
testing. Gear-wheels made in accordance with these new 
principles can transmit a torque up to four times greater 
than involute gears of the same size designed for the 
same contact-pressure stress, the same 
friction losses, and other identical condit- 
ions. A typical pair of gears made on this 
principle is shown in Fig. 3. 

The new system is distinguished by low 
sensitivity to machining inaccuracies and 
to deformation in service, and permissible 
peripheral speeds can be much _ higher 
than those in conventional gear trans- 
missions. In addition, it is applicable to 
gear transmissions with parallel or inter- 
secting or non-parallel and non-inter- 
secting axes and can be applied to external 
and internal gears alike, or it can be used 
for gears with a constant or a_ variable 
ratio. 

The essence of the system is that the path 
of contact is prescribed as a straight line or 
a smooth curve passing in the immediate 
vicinity of the instantaneous axis of 
relative rolling and sliding, and this line or curve is con- 
fined in the space associated with the axes of rotation of 
the gear-wheels. The motion of the point of contact 
along the path contact is assumed to take place at a 
constant or smoothly varying velocity, the moving point 
of contact describing contact lines in the spaces associa- 
ted with each of the rotating gear-wheels. 

A large number of surfaces of a certain type can be 
visualized to contain these contact lines. These surfaces 
can be the conjugate working surfaces of the teeth, pro- 
vided that they satisfy the following conditions : 


58 


(1) They must have a common normal at each 
momentary location of the point of contact. 
(2) The basic theorem of tooth engagement must be 
fulfilled. 
(3) The curvatures of these surfaces must satisfy 
the prescribed gear ratio. 
(4) Within the limits of their working zone, there 
must be no interference between these surfaces. 
In planes normal to the instantaneous axis of the 
relative rolling and sliding motion, which pass 
through the momentary location of the point of contact, 
circular arcs can be struck about centres located on the 
straight line passing through the point of contact and 
the instantaneous axis, and located furthermore in the 
immediate vicinity of this axis. These circular arcs can 
be taken as the tooth profiles, and the continuous se- 
quence of profiles for all locations of the point of con- 
tact forms the conjugate tooth surfaces. In this way, the 
working surface of one gear tooth is convex and that of 
the other is concave, in the direction normal to the in- 
stantaneous axis, as shown in Fig. 4. in which P is the 
point of intersection between the instantaneous axis of 
relative rolling and sliding and the profile plane perpen- 
dicular to the instantaneous axis, O; and Oe are the 
points of intersection between the plane of the profiles 
with the axes of the gear-wheels, and A is the point of 
contact. PA is the pressure line (path of contact), or, 
more accurately, the common normal to the profiles at 
point A. DAD is the circular arc with its centre at P, 
constituting the limiting case of the tooth profiles when 
they coincide with one another, while curves BAB, of an 
arbitrary smooth shape inside arc DAD (i.e., re-entering 
the ** body ”’ of the tooth of one of the gear-wheels) are 
situated in the immediate vicinity of this arc and con- 
stitute the profiles of the teeth of one of the wheels. 
Similarly, curves CAC, located outside arc DAD, con- 
stitute the tooth profiles of the other wheel. 





Fig. 3. Views of a typical Novikov-type gear pair. 

The radii of the tooth profiles could be of the same 
magnitude, equal to the distance between the point of 
contact and the instantaneous axis. In this case, point 
contact degenerates into another form of line contact. 
However, in order to achieve this, a rather high degree 
of accuracy is required, and the centre distance must 
remain absolutely constant, neither condition being 
attainable in practice. In designing gear teeth, preference 
must be given to point contact with a small difference 
between the profile radii. It should be borne in mind 
that, both in manufacture and during the running-in 
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Fig. 4. Sequence of profiles for all locations of the contact point form- 
ing conjugate gear surfaces. 


period, point contact will remain point contact only in 
theory, as in practice it will gradually approach line 
contact. 

The tooth profiles could have a different shape from 
the circular arc. However, profiles of a different form 
which always pass through the point of contact must 
remain inside the above-mentioned circular arc, whose 
centre is located on the instantaneous axis ; in other 
words, they must re-enter the “* body ” 
shown in Fig. 4 

In order to ensure low friction losses and minimum 


of the teeth, as 


wear, the path of contact should be near the instanta 
neous axis. In selecting a law of motion for the point of 
contact, a favourable angle must be maintained between 
the common normal (along which the force between the 
teeth acts) and the axes of the wheels 

The tooth thickness and pitch are decided by the 
necessary tooth strength in bending and shear The 
thickness of the gear rim and the face width of the teeth 
must be so related to the pitch that the prescribed ove 
lap factor is achieved. Gear transmissions may have 
single-point contact, 1.c., a single pair of teeth only may 
carry the whole load transmitted, or transmissions can 
be designed with multi-point contact, where several pairs 
of teeth are in contact simultaneously 

In the case of gear transmissions with parallel ax es 
it IS Most Convenient, on account of design and produc 
tion considerations, to select a path of contact in the 
shape of a straight line parallel to the axes of the wheels 
and to assume a uniform motion of the point of contact 
In doing so, the radii of the tooth profiles in all planes 
normal to the axes will be the same. The working profile 
surfaces of the teeth will then have the shape of exact 
helicoidal surfaces 


The manufacture of such. teeth is possible on all 
modern gear-cutting machines, but special tox are 
required In order to balance axial pressure on the 
bearings, gear-wheels of double-helical contigurats ' 
be chosen 

Comparative tests were run with involute-gear tran 


missions and with gears made on the new principle, in 


both cases of the same material and size 


which have not yet been completed, lead to the rm 
liminary conclusion that the new transmissions have a 
torque capacity of from three to four times that of the 


conventional type 
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Cathodic Protection in Industrial Ratigeretng Plant 


By L. Piatti and H. Bourguin. (From Sulzer Technische Rundschau, Vol. 39, No. 4, 1957, pp. ¥ 
5 illustrations.) 


CATHODIC protection of metals depends on neutraliza- 
tion of the electric current causing corrosion, and this 
can be achieved in two ways, i.c., 
(1) Sacrificial protection, in which an anode of zinc 
or magnesium is introduced into the electrolytic 
medium, the metal to be protected then acting as a 
cathode, while the expendable anode corrodes in its 
place 
(2) Cathodic protection by external current, in which 
a negative voltage from a d.c. source is applied to the 
metal to be protected, preventing the development of 
anodic points on its surface 
It is known that remarkable results can be obtained 
by protecting with an external current metal parts in 
contact with brines in refrigerating plant. However, the 
Objection has been raised that sufficient protection is 
already obtainable in most cases by the adition of 
chromates to the brine. The effectiveness of this latter 
method of protection has been confirmed by tests at the 
Sulzer laboratories, which showed that, by adding 0-3 
calcium chromate to a calcium chloride brine, the attack 
on an unalloyed steel can be reduced by a factor of ten 
This method was then applied to equipment for the 
chemical industry, when it was found that after an 
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extensive period there was no rust dey ition present of 


the stecl tubes and also no discoloration of the brine 


(C hromates however cannot be employed 
where, as human skin 1s sensitive to chromate tor 
and may deve lop ec7ema Consequently, in proc ne 
plant for foods and beverages, the use of chromate t 
advisable, and cathodic protection ms always pref t 


The cooling brines used in refrigerating 1 are 
usually fairly concentrated solutions of calewu rick 
or sodium chloride, which have a4 strong clects iT 
action and are particularly corrosive at low pH MK 
} Moreover. the + { on 


and with high oxygen content 
dangerous, because th 


tained in brines are also 


form free acids through hydrolysis, ammor mor mag 
nesium chiorides being particularly active because of t! 
tendency Another decisive factor their at 
solve corrosion products Chionde solution i . 
anodic products, cg ferrou blown sche “ul Li | 
products, ¢.g., sodium hydroxide, with the rr } t hae 
rate of corrosion 1% increased 

The corroding action of a brine m due t i t 
to absorb iron in the form of jor its feacting capa 
being a function of its pH-valuc, concentrator 
temperature. The influence of oxyger ntent i part 











ularly important. By oxidation of the hydrogen inhib- 
iting cathodic corrosion, the oxygen acts as a depolar- 
izer and converts the dissolved iron into a hydroxide, 
which settles out as rust and thus enables the brine to 
absorb further amounts of iron. Fig. 1, based on the 
investigations of Hache,* shows the dependence of the 
corrosion capacity of a sodium chloride brine on its con- 
centration and its relation to oxygen content. 
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Fig. |. Attack of a sodium chloride brine on rolled-steel strip as a 
function of concentration and oxygen content at 24 C. 

Particularly intensive attack, resulting sometimes in 
pitting corrosion, is obtained when leaking ammonia 
from a corroded evaporator system is added to the brine, 
owing to hydrolysis of the ammonium chloride formed. 
Welded joints are particularly sensitive, because of pos- 
sible pores, inclusions, and structural inhomogeneities. 
With an increasing number of leakage points, severe 
damage to brine-covered metal parts can be expected 
when the ammonia content reaches 100 grams per 100 
litres. A good coating may reduce somewhat the des- 
truction of material, but will not prevent it completely. 

The present practice at Sulzer is therefore to employ 
cathodic protection for the evaporators of ammonia 
refrigerating plant. Initially, the method of sacrificial 
protection was tried, using zinc anodes, but results were 
not always satisfactory, as measurements sometimes 
showed values which did not attain the minimum of 

0-85 V accepted for protection of iron or steel against 
corrosion. The problem with sacrificial anodes is to 
arrange them in such a way as to obtain a uniform flow 
of current to all exposed surfaces. In many cases, this is 
not possible, owing to the space available and the geo- 
metry of the installation. Consequently, it was decided 
to use the method involving cathodic protection by 
external current. 

A typical case where external current has given the 
required protection is that of an ice generator in a brew- 
ery. This comprised a steel tank of 8 4 2 metres, 
with a centrally arranged ammonia-type vertical-tube 
evaporator, the ice cans on both sides passing slowly 
through deep-freeze sodium chloride brine. 

As is only to be expected, the arrangement of the 
anodes gave rise to a number of problems in field distri- 
bution. In this connection, it should be remembered that 
it is not easy to obtain a satisfactory arrangement of 
electrodes when the latter are close together. In compact 
arrangements, the lines of current in the electrolyte fre- 
quently show an asymmetric pattern, with most of the 
current going to the components nearest the anode, and 
this partial short-circuiting reduces the effectiveness of 
the protective system. 

In this particular ice generator, the anodes (graphite 


*A. Hacne. Revue Meétallurgie, Vol. 53, 1956, page 76 


60 








tubes, 125 mm in diameter and 2 m in length) could only 
be fitted in the four corners of the tank, because of the 
ice cans. The current was taken from a 6- or 12-V storage 
battery, subsequently replaced by a rectifier, but, even 
with a considerable amount of current, it was not found 
possible to reduce the potential of the shee’ inetal walls 
of the tank to a value below —0-85 V. :nough this was 
fairly easily obtained on the evaporator. It was there- 
fore decided to make no special attempt to protect the 
tank walls ; this was permissible, as the evaporator was 
the most vulnerable unit. The tank was treated in a fairly 
simple manner by applying a suitable coating. This, 
however, would have been far more difficult to apply to 
the evaporator system without impairing the flow of 
heat and reducing its operating efficiency. By restricting 
the cathodic protection to the evaporator system itself, 
and using a total current of only 9 A, the protective 
potential reached a permanent value not exceeding 

1-4 V at any point. As the surface area of the evapora- 
tors was 223 m?, the desired results were thus achieved 
with a current density of 40 mA/m*. 

The type of surface protection for refrigerating plant 
also requires careful selection. It appears that the pro- 
tective action of a coat of paint originates in the thin 
boundary layer adhering to the metal. The resistance of 
this layer is about 100 times that of the other layers of 
the coating, and can attain some millions of ohms. The 
coating should be as far as possible free from pores, as 
well as electrically non-conductive, enabling it to act as 
an insulator, with the same effect as an increased distance 
between electrodes. 

When cathodic protection is used in parts of a plant, 
the choice of a suitable coating becomes more difficult. 
Owing to the protective current, hydrogen ions from the 
electrolyte are discharged on the metal surface. How- 
ever, the hydrogen becomes oxidized only to a limited 
extent, particularly if the current intensity is greater than 
that effectively required, leading to the formation of gas 
bubbles. Free alkali, which has a detrimental effect on 
many types of coatings, can then accumulate at the 
cathodes. 

Electrically non-conductive coatings are employed 
chiefly for reasons of economy. Organic coatings reduce 
the surface area requiring cathodic protection, and hence 
also current consumption, as they require protection only 
at weak points, e.g., in porous areas. However, in 
refrigerating plant, the current employed is fairly small, 
and the cost of the additional current consumption 
can be regarded as insignificant. 

To ensure effective protection of all exposed surfaces, 
the use of more than the minimum required current can 
be recommended, although this may cause damage to 
coatings. However, after various tests, Sulzer have been 
able to find a coating material suitably resistant to brines 
and electric current. 

A remarkable point is that the amount of current 
required for constant protection decreases in the course 
of time. It is known that, with electrolytes containing 
alkaline-earth salts, the formation of layers of lime on 
bright metal sections causes such a decrease in current. 
However, investigations carried out in conjunction with 
the present work have shown that, with an installation 
operating with fresh water, the cathode potential relative 
to water, with zero current, was not —0°5 V, as would 
be expected from the neutral condition of the system, 
but between —0-9 and —1-0 V, while in several applica- 
tions it was observed that current consumption de- 
creased after fairly long periods of operation. 
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By J. B. Reswick and J. WriGurt. 


Velocity-Displacement Transfer Mechanism with 
Programmed Cams 


(From Control Engineering, Vol. 4, No. 12, December 1957, pp. 76-79 





12 illustrations.) 


MANY machine-tool processes require automatic rapid 
transfer of heavy workpieces between stations, and, as 
transfer rates increase to reduce transfer time, the forces 
for accelerating and decelerating the mass being moved 
must also become greater. Many configurations of 
mechanical and hydro-mechanical transfer devices can 
control the accelerations and velocities in the transfer 
cycle, but they frequently use open-ended on-off contro! 
and require hydraulic buffering chambers. Moreover, 
it is often difficult to design mechanical linkages which 
yield the ideal characteristics of zero acceleration at the 
beginning and end of transfer. 

The effects of oscillation and noise, and transfer- 
design drawbacks can be reduced by close control of the 
forces developed in moving a mass a given distance in a 
given time. Experiments have been carried out to develop 
a velocity-displacement transfer mechanism that could 
give continuous predetermined control of velocity and 
acceleration over the entire length of transfer The 
mechanism contains a cam programme of desired velo- 
city versus mass displacement. The programme acts as 
the input to a closed-loop system, which thus seeks con- 
tinuously to reduce the error between the programmed 
velocity and the actual velocity of the moving mass. By 
comparing the output velocity with the command velo- 
city, the system produces an acceleration (or decelera- 
tion) which is a function of the velocity error. Careful 
consideration of design parameters, together with a 
flow-control valve with a fast response, assures a mini- 
mum velocity error and adherence to the acceleration 
and deceleration programmed on the cam 

The major components of the system are shown in 
Fig. 1, in which a four-way directional valve (1) directs 
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a constant-pressure hydraulic supply to a fluid motor 
(2), which drives a pinion-and-rack combination (3) 
Ihe rack directly drives the mass (5), which is mounted 
on rollers and supported by parallel bars and can move 
between end-stops (6). The flow out of the fluid motor 
is directed back to the four-way valve (1) and thence to 
a flow-control valve (9), after which the fluid is returned 
via line (7) to a tank 
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Fig. 2. Arrangement of the flow-control valve 
The loop is closed through the programmed velocity 


displacement cam (4). This cam moves with the iss 
and the cam-slide (8) feeds back to the outlet orifice O 
of the flow-control valve (9) an ane 


function of mass displacement, Orifice Og meters the 


flow out of the hydraulic circuit and hence controls the 
velocity of the moving mass ; consequently, the actua 
position of the mass at any time during 
the cycle determines what the as pouty 


should be at that time 
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position of the outlet orifice O2. The arrangement of the 
flow-control valve is shown in Fig. 2, in which a compen- 
sating piston P continually adjusts the area of orifice O1, 
keeping the flow error small and thus causing a rate of 
change of inlet flow (acceleration), which is a function 
of this error. 

Orifice Oz is completely closed at the beginning and 
end of each cycle, and can be opened only by a small 
increment of displacement. However, once the mass has 
been given even a minute displacement, hydraulic flow 
in the system is self-regulating, according to the pro- 
gramme on the cam (4). As shown in Fig. 1, this initial 
displacement is accomplished by a by-pass (10) in a line 
(11) around the flow-control valve to the tank. The 
resulting flow, controlled by adjustment of the needle- 
valve in the by-pass line, causes the fluid motor (2) to 
rotate slightly and to move the mass (5) at the very com- 
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Fig. 3. Acceleration-time curves for four cam programmes. 
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Fig. 4. Velocity-time curves for the four acceleration functions shown 
in Fig. 3. 
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Fig. 5. Velocity-displacement curves for deriving the cam profiles. 
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mencement of transfer motion. In actual production 
models of the transfer mechanism, the by-pass would 
also permit full system pressure to hold the mass firmly 
against the end-stops (6) while mechanical fingers load 
and unload the workpieces. 

In designing cams for this mechanism, the ideal 
theoretical shapes for four particular acceleration func- 
tions were considered. These are shown in Figs. 3, 4, 
and 5, in which in each case curve A is a cosine accelera- 
tion with the axes displaced, so that the function has a 
zero derivative (zero acceleration or force at the start); 
curve B is a pure sine acceleration, curve C is a constant- 
acceleration square wave, and curve D is a constant- 
slope acceleration. With each of these functions, the 
same transfer distance is traversed in the same time. 

Fig. 3 shows the four acceleration-time curves, and 
Fig. 4 their corresponding velocity-time curves. The 
curves in Fig. 4 are converted to the velocity-displace- 
ment cam profiles shown in Fig. 5. The sine-wave and 
square-wave acceleration curves are relatively easy to 
generate in either exact or approximate forms, using the 
usual mechanical linkages, but mechanical generation of 
the cosine and triangular acceleration function curves 
(curves A and D) are more difficult. Curves A and C 
represent the extremes of accelerations which can occur 
at the beginning and end of the transfer cycle, with zero 
acceleration for the cosine function and maximum ac- 
celeration for the square-wave function. For these 
reasons, curves A and C were chosen for experimental 
cam profiles, although, with the closed-loop system and 
the velocity-displacement cam, all wave forms are equally 
easy to generate. 

The actual layout of the physical cam requires con- 
version of the command velocity to its equivalent angular 
position of the variable orifice, and relating this angle to 
the corresponding value of displacement. This may 
involve non-linear relationships between angular posi- 
tion, flow, and velocity, which can be accounted for 
graphically. In the present case, however, the relation- 
ships are essentially linear, making the conversion 
straightforward. 

The particular flow-control valve used in the tests 
was limited to a maximum flow of 57-8 cu in./sec, and 
this flow through the fluid motor limited the maximum 
velocity of the mass to 70 in./sec. The transfer distance 
was established at 42 in. Cams representing the ex- 
tremes of the acceleration function (curves A and C in 
Fig. 3) were constructed, and simultaneous recordings 
were made of the velocity of the moving mass and of the 
vibration and shock on the structure. The velocity was 
measured by driving a d.c. generator attached to the 
mass through a rack-and-pinion, while vibration and 
shock were measured with strain-gauges. 

Comparisons of the test results obtained from these 
recordings for the cosine velocity function and the 
square-wave velocity function, compared with the ideal 
functions shown in Fig. 3, have demonstrated that the 
experimental velocity-displacement transfer mechanism 
is capable of reproducing faithfully enough either ex- 
treme of the acceleration functions on a moving mass. 
Incidentally, it should be noted that the recordings 
showed a relative smoothness of the shock pattern on 
the structure for the cosine function and a noticeable 
peak at the end of the transfer motion in the shock 
pattern for the square-wave function. As was to be 
expected, the cosine acceleration function appears to be 
much smoother in its action than the square-wave 
constant-acceleration function. 
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Developments in Steam Power Generation in 
Eastern Europe 





By EuGene Gros 


Tuis article deals with recent developments in the field 
of steam power generation in Russia, Czechoslovakia, 
and Hungary, and is based on information released 
originally at the Fifth World Power Conference, held in 
Vienna in 1956. This information has been supplemented 
and brought up to date on the basis of data subsequently 
received by the author. 

The Russian development is concerned with two- 
Stage evaporation, and that from Czechoslovakia with 
the control of steam temperature by injection of con- 
densate produced from saturated steam, while the 
Hungarian development is concerned with improved 
air-cooled condenser plant. 


Two-STAaGE EVAPORATION 


A Russian development reported by Panassenko 
and Najow! relates to the use of two-stage evaporation 
in boiler plant, which has so far been relatively little 
employed in the West. Development work on two-stage 
evaporation commenced in the 1930's, and its use has 
increased considerably in Russia for boilers fed by 
chemically treated feedwater, e.g., in district-heating 
stations, where the condensate is not returned from the 
heating mains. In such stations, when using single-stage 
evaporation, it is necessary to blow-down up to 10°, of 
the water fed into the boiler, adversely affecting the 
water and the thermal conditions of the station. 
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Fig. 1. Diagrammatic representation of a two-stage evaporation system. 











Two-stage evaporation, on the other hand, permits 
high concentration of the boiler water without deter- 
ioration of steam purity. An essential feature is that 
steam production is effected in two stages, as can be seen 
in Fig. 1, in which both evaporation stages have a com- 
mon drum which is subdivided by means of a partition 
into two parts (2) and (4) of unequal size. Feedwater is 
introduced via a pipe (1) into the larger part (2) of the 
drum, to which are connected the downcomers and risers 
of most of the evaporation surfaces (3). In this first 
evaporation stage the feedwater is largely converted 
into steam, and the remaining (partly concentrated) 
water flows into the second evaporation section (4). The 
water flowing into this section represents the blow-down 
of the first evaporation stage and forms the feedwater 
for the second section, where the second stage of eva- 
poration takes place and where it becomes highly con- 
centrated. From this second stage the blow-down passes 
through pipe (6). The design of the partition must be 
such that the flow of water is possible only in one direc- 
tion, so that the water with a high concentration of salts 
cannot return to the first stage. 
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The evaporation surfaces of the first stage contain 
boiler water with low salt concentrations, so that high 
evaporation rates can be used. Consequently, the eva- 
poration surfaces (3) of the first stage can be located in 
the area of high furnace temperature, whereas the eva- 
poration surfaces (5) of the second stage must be located 
in the area of lower flue-gas temperatures 

Two-stage evaporation also permits a reduction in 
the dimensions of the drum. Since the separation of 
steam from the water is effected in separate sections of 
the drum, it is possible to obtain considerably higher 
rates of evaporation in the first stage, in which the con- 
centration of salts in the boiler water is low, without 
adversely affecting steam purity. On the other hand, in 
the second evaporation stage, only a small part of the 
Steam is generated, so that it can be dimensioned more 
generously without increasing the size of the drum. The 
conditions are particularly favourable in the case where 
the steam in the drum is evaporated only from the first 
stage, whilst steam from the second stage passes through 
a series of external cyclone separators, whence it flows 
into the drum. The quality of the steam can be further 
improved by washing it in the boiler water of the first 
stage of evaporation, which, as mentioned, has a low 
concentration of salts 

Subdivision of the evaporation into two stages also 
facilitates the chemical operating conditions of the boiler 
It is, for instance, possible to alkalize the water by means 
of trisodium phosphate solely in the second stage of 
evaporation, while operating with non-alkalized boiler 
water in the first stage 

Two-stage evaporation is most favourable in boilers 
with natural circulation. In boilers with forced circula 
tion it is less suitable, since two circulating pumps (onc 
for cach stage) would be required 

An extension of the treatment of the make-up water 
is demineralization, in which the cations and anions are 
captured chemically prior to its introduction into the 
boiler. In this case, two-stage evaporation loses its im 
portance as a means of reducing the blow-down of the 
boiler, since in this case the required blow-~down of the 
boiler is very low, even if condensate is not returned 
This does not, however, mean that two-stage evapora 
tion becomes superfluous, as, even here, a low salt con 
tent in the steam of the first evaporation stage is an ad 
vantage and yields, an improvement in steam purity 





In this case, two-stage evaporation permits, for instanc¢ 
a simple and convenient method of preventing the pas 
sage of silica from the boiler water into the steam. Thus 
two-stage evaporation 1s conducive to the production of 
high-purity steam, mainly for pressures above 150 atm, 
in cases where the steam is able to dissolve considerable 
quantities of salts 

When designing boilers with two-stage evaporation 
the correct subdivision of the boiler output of the first 
and second evaporation stages is of great importance 
The steam output of the second stage 1 made very small 
usually §to 10 of the total steam output of the boiler 
A low steam output from the second evaporation stage 
permits the production of most of the steam from water 
with a low salt concentration from the first stage of 
evaporation’ 
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CONTROL OF STEAM TEMPERATURE BY INJECTION OF 
CONDENSATE PRODUCED FROM SATURATED STEAM 


In Europe, as well as in America, steam temperature 
is frequently controlled by means of injection, the advan- 
tage of this simple control system being a very low loss 
of pressure of the steam in the injector—a feature of 
particular importance in the case of high-pressure boilers. 
However, great attention must be paid to maintaining 
a high purity of the injected condensate, in order to 
avoid contamination by salts of the steam during the 
injection process. 














2 3 
Fig. 2. Control of steam temperature by injection of high-pressure 
condensate produced from saturated steam. 


In this connection, a method of controlling steam 
temperature by injection of a high-pressure condensate 
produced from saturated steam has been developed in 
Czechoslovakia, and is reported to have been used suc- 
cessfully on a number of large boilers since 1952. The 
essential feature of this system‘ is that the condensate 
required for injection is produced in the boiler itself at 
the full pressure of the saturated steam. Part of the 
saturated steam produced is condensed by the feedwater 
in a surface-type heat exchanger, which can be arranged 
at the water side either behind the economizer or at the 
boilers, with an evaporative economizer between the 
first and second economizer stages. A diagrammatic 
representation of this temperature regulation system is 
shown in Fig. 2, in which part of the saturated steam is 
fed from the drum (1) into the condensing feedwater 
heater (4). The condensate accumulates in the reservoir 
(5), and is then fed through the injection control valve 
(6) into the injector. The degree of opening of the valve 
is controlled by a thermostat (7), in accordance with the 
final temperature of the superheated steam after it has 
passed through primary and secondary superheaters (2) 
and (3). 

The quantity of condensate produced is directly 
proportional to the quantity of feedwater fed into the 
boiler, so that, in addition to ensuring that the produc- 
tion of condensate is somewhat larger than the maxi- 
mum quantity required for injection, it is necessary to 
provide a certain reserve for covering occasional differ- 
ences between production and consumption of con- 
densate. As a result, the pipe through which the conden- 
sate flows to the injector must be of large diameter, 
serving simultaneously as an additional condensate 
reservoir for covering requirements for injection water 
during periods when the quantity of feedwater supplied 
to the boiler is small. The excess condensate produced 
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is returned by means of pipe (8) to the boiler drum (1). 

The advantage of this system of temperature control 
is that, in addition to ensuring identical purity of super- 
heated steam and injected condensate (since both are 
produced from the same saturated steam), regulation 
anticipates temperature changes in the superheated 
steam, because injection is effected by a pressure which 
is proportional to the pressure loss of the steam in the 
primary superheater (2), which is located in front of 
the injection point, since the pressure in the condenser 
is equal to the pressure of the saturated steam in the 
drum. 

The entire control process, in the case of a sudden 
increase in boiler output, can be assumed to consist of 
two separate processes. Owing to the increase in pres- 
sure loss in the superheater, caused by a sudden increase 
in boiler ouput, the quantity of condensate injected will 
immediately increase in direct proportion to the increase 
in boiler output, without any change in the setting of the 
injection control valve ; as a result, the quantity injected 
will be varied and the possible temperature deviation of 
the superheated steam will become smaller. Only after a 
certain time lag will the change in output manifest itself 
with the response of the thermostat, which, by means of 
suitable controls, will effect the necessary correction in 
the quantity of condensate injected by changing the 
setting of the injection control valve to the required value. 
The regulator, which is controlled by the temperature of 
the superheated steam, merely provides additional regu- 
lation of the steam temperature which has already been 
regulated by a change in the injection pressure. 

Recently, information has been published on pro- 
posals to produce, mainly for small stoker-type boilers, 
the injection condensate in condensers cooled by the 
combustion air of the boiler. Using such a system, the 
conventional air preheater could be dispensed with. 


AIR-COOLED CONDENSER PLANT 


A new method of condensation by air cooling has 
been developed in Hungary by Heller and Forg6é® and 
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Fig. 3. Diagrammatic representation of an air-cooled condenser plant. 
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is of considerable interest in cases of water shortage.* 

In other designs in which condensation is effected by 
air cooling, the dimensions of the heat exchanger must 
be increased considerably, in view of the appreciable 
volume of steam at pressures well below atmospheric 
which have to be condensed. An advantage of the 
method proposed by Heller and Forg6 is primarily that 
direct condensation of the exhaust steam in the conden- 
ser is dispensed with. As shown in Fig. 3, the steam from 
the turbine (2) is fed into the spray condenser (3), in 
which it condenses as a result of the injection of finely 
atomized condensate into the steam. The condensate 
produced is fed by means of a pump (4) into the cooling 
tower (7), and is then returned to the spray condenser. 
Part of the circulating condensate, corresponding to the 
quantity of steam exhausted from the turbine, is pumped 
into the feedwater tank (5) and then fed to the boiler (1) 
by means of the feedwater pump (6). The use of the jet- 
condenser has the important advantage that its dimen- 
sions are considerably smaller than those of current 
surface-type condensers. 























Fig. 4. Schematic layout of the cooling tower and its heat exchangers 

Fig. 4 shows diagrammatically the arrangement of 
the cooling tower and its heat exchangers, the tower (3) 
having a low-speed induced-draught fan (2) to ensure 
flow of the required quantity of cooling air in the tower 
The heat exchangers (1) are arranged in star fashion at 
the base of the tower and their individual elements are 
made of corrugated finned aluminium tubes (Fig. 5) 
* It has recently been announced that The English Electric Company 


Ltd. are developing a cooling system for power stations based on this 
principle. Ed. E.D 
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Fig. S. Detail of heat-exchanger tube 











The advantage of these corrugated ribs is that thei 
cooling surface is subdivided into a number of thin strips 
arranged in the direction of flow of the cooling air, ¢ 

minating the formation of an excessively strong boun 
dary layer at their surface and hence considerably in 
creasing the coefficient of heat transfer, which, depending 
on air speed, reaches 80 to 120 kcal m*hr ¢ As a result 
' 


removal of a considerable quantity of heat in the case of 


without having 


small temperature gradients 1s possible 
to increase unduly the dimensions of the heat exchanger 
The only possible disadvantage of the use of aluminium 
is the fact that the cooled condensate must not have an 
unduly high pH-value, since alkaline water 1 aggressive 
to aluminium 

Extended operation of an experimental tower, con 


densing steam from a small 5-MW condensing turbine 


has proved that this method of air cooling is very pro 
mising Despite the fact that the aluminium heat 
exchangers were sited in a dusty location, there was no 
scrious dust contamination Also, cleaning of the heat 
exchanger clements was casily effected by spraying with 


| 
water from a hose 

Operation of the tower during winter at considerabk 
sub-zero temperatures has also proved complet 
although there is, of course, the risk that freezing-up of 
the heat exchangers may occur, unless adequate preca 
tions are taken. An additional advantage of this method 
of condensation is that the temperature of the conden 
sate can casily be controlled by adjusting the draught 
¢.g., by varying the speed of the fan 
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Electronic Servo-, Programming, and Positioning Systems 


By F. GLANTSCHIG. (From The Brown Boveri Review, Vol. 44, No. 11, November 1957, pp. 488-496, 
8 illustrations.) 


In our issue of January 1958, we published an article on ** The Application of Theory and Electronic 

Computers to Automatic Control.” The following article discusses new devices for controlling machine 

tools, specially designed and developed for use with contour milling machines for shaping turbine blades, 
and for boring and milling machines. 


THE rapid progress towards automation has promoted 
the development of new devices for controlling machines, 
particularly machine tools, and, depending on the task 
to be performed, they must be able to pass on a set value 
or control order to the machine or its drive. These de- 
vices mostly operate on the analogue principle and are 
nearly always incorporated in a control circuit. In addi- 
tion, devices are required which impart an appropriate 
order to the machine at a given instant or stage of the 
operation, and which must be able to store a number of 
orders, corresponding to the various functions, the 
orders being allocated to the functions in logical sequence. 

Further tasks are performed by positioning and 
measuring devices which measure, control, or supervise 
the movement of the machine in two or three dimen- 
sions, in accordance with preset numerical values. Nowa- 
days, the devices used for these purposes mostly employ 
the digital principle, in order to attain the high accuracy 
demanded, involving a relatively large number of control 
elements. Their adoption for medium and small mach- 
ines has become economical only when reliable minia- 
ture components, such as transistors, cold-cathode valves, 
etc., became available, thus allowing the devices to be 
manufactured on the unit construction system with 
rationally produced parts and printed circuits. The con- 
struction of these devices is very like that of computers, 
elements of a similar nature being employed. 


THE ELECTRONIC SERVO-CONTROLLER 

For straightforward switching actions, relays are 
mostly used to operate electromagnets, solenoid-opera- 
ted valves, or clutches, and for the excitation of d.c. 
machines. Many of the speeds and movements per- 
formed by machines, and machine tools in particular, 
must not only be controlled by On-Off sequences, but 
must also be variable in magnitude, and regulated and 
supervised. Since the speeds of modern machines must 
be infinitely variable in a wide range to meet the require- 
ments of the process, the servo-mechanism employed 
must fulfil the conditions arising therefrom, as follows :— 

(1) Transmission must take place without backlash, 

i.c., the transmission error must not exceed the 
tolerances of the particular task. 

The speed of adjustment should match the rate 
of change of the desired value, i.e., the speed of a 
servo-motor, for instance, must be infinitely 
variable. 

(3) The operating time constants of the servo- 
mechanism must be as small as possible, and it 
must also be possible to adapt them to the time 
constants of the control circuit of the entire 
machine. 

(4) To achieve good stability, the speed of adjustment 
must be adaptable to the magnitude of the diff- 
erence to be made good. 

(5) The control powers necessary must be as small 
as possible. 

Naturally, all the above conditions cannot be entirely 

fulfilled, and a compromise must be reached which is 
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acceptable to the particular conditions; this is usually 
possible only at the expense of other properties. 

An electronic servo-controller developed by Brown 
Boveri fulfils the above conditions to a considerable 
degree and, in addition, enables individual characteris- 
tics to be specially stressed. Though primarily intended 
for use in conjunction with a servo-motor, it is equally 
suitable for feeding the excitation windings of d.c. 
machines. 

In this controller, a simplified circuit diagram of 
which is shown in Fig. 1, the servo-motor is a shunt- 
wound d.c. motor, whose characteristic is ideally suited 
to the purpose. When its field is constantly excited, it 
exerts a constant torque from zero throughout the entire 
speed range. It is incorporated in a bridge circuit com- 
prising the power valves V; and V2 and d.c. sources G, 
and Ge. Opening one leg of the bridge causes the arma- 
ture to rotate in the corresponding direction, thus afford- 
ing controlled reversal of the servo-motor from one 
direction to the other through zero with hardly any play. 
In the state of rest the two valves are maintained at a 
basic current by the pre-control valve V3. The two basic 
currents flow in opposite directions, so that outwardly, 
i.e., as far as the servo-motor is concerned, they cancel 
each other out. If the state of equilibrium of the bridge 
is upset by the control valve, the current in, say, V; in- 
creases proportionately, while that in V2 decreases at the 
same rate. Thus, the full working current of the servo- 
motor is attained with only a slight change in the input 
level. 

A stabilized d.c. voltage can be used but, when em- 
ployed with variable-speed drives, this voltage is usually 
compared with the output of a tacho-generator. The 
difference is polarized by a voltage divider Rs—R», am- 
plified in valve V3 and used to control the power valves 
for the servo-motor. For straightforward follow-up 
control, two potentiometers form a bridge (e.g., P1 and 
P2 in Fig. 1). 

The input voltage for the amplifier is fed in through 
the *‘ symmetrizing * element in parallel with the rotor. 
This means that the armature voltage applied to R; or 
Re is connected in series with the anode voltage of the 
control valves. If the armature voltage, for instance, 
increases rapidly, it will cause the voltage drop across 
R, or Rz to grow, thus producing a corresponding feed- 
back and with it a damping effect. By means of the RC 
elements connected as differentiating and integrating 
elements in the grid circuits of the control valves, the 
response can be made to match the momentary condi- 
tions. 

It is frequently necessary to introduce the effect of 
another quantity with drives and controls. The regulator 
can then be augmented by the elements within the dotted 
outline in the diagram. By suitable choice of the working 
point of valve V4, the point at which this additional quan- 
tity takes effect can be varied. To adjust the magnitude 
of its effect the potentiometer Ps is used. If, for instance, 
with a Ward-Leonard drive, a voltage proportional to 
the generator current is applied by shunting across the 
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Fig. 1. Simplified circuit diagram of the electronic servo-controller 


Tr 

o 
A-B Armature of servo-motor S. Tr Mains transformer 
E-} Shunt field of servo-motor S. G,-G; Rectifiers 
G, H= Connections for additional fils Filament voltages 


control quantities 


terminals G and H, this additional element acts as a 
regulator for starting and braking. 


SERVO-CONTROLLER CONTAINING TRANSISTORS AND 
RELAYS 


For complicated automatic machines, such as the 
contour-milling machine for shaping turbine blades to 
be described later, the servo-controllers are only a part 
of the complete control system, with which they are fre- 
quently combined to form an integral unit. Since sys- 
tems of this kind, with their numerous electronic com- 
ponents, employ only transistors, germanium or silicon 
diodes, or cold-cathode valves, in order to ensure imme- 
diate readiness, long life, maximum reliability, and, 
above all, minimum space, it is almost inevitable that the 
same elements should be used in the servo-controllers 

Fig. 2 shows the circuit of such a device. The servo- 
motor, in this case also a d.c. shunt-wound motor, is 
switched in the appropriate direction by relays A and B 
To prevent overswinging caused by the motor’s moment 
of inertia, it is braked by short-circuiting the armature 
The two relays are cach energized by a monostable 
multi-vibrator with two transistors (Schmitt trigger) 
These produce a sharply rising current for attracting the 
relays, which operate without any flutter. In order that 
the sensitivity of the device may conform to the stipu- 
lated conditions, these triggers are controlled through 
pre-amplifiers. Coupling is galvanic throughout, so that 
the system responds to changes in a d.c. voltage level 
with a frequency of practically zero. Comparison of the 
desired and actual values is by means of a voltage bridge 
comprising the potentiometers P;-P; which supplies the 
Volume 19, No. 2 
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Vy, 4 Power valves RR Adjusting resist 
Vet Control valves ( Capacitor 
Ve Voltage stabilizer P,P Setting potent tet 
7 Tacho-genera 


difference voltage required, polarized in the same man 
ner as in the electronic servo-controller, and applied to 
the input of the pre-amplifiers The sensitivity is ap 
proximately 50 mV at the pre-amplifier input, so that 
with a comparison voltage of 24 \ 
of 03 
amplifiers used are compact plug-in units employing 


a control accuracy 
is Obtained The Schmitt triggers and pre 
printed circuits, enabling the unit-construction principl 
to be adopted to a large extent 


ELECTRONIC PROGRAMMING Devict por AtvTromarn 
CONTOUR-MILLING MACHINES 


The contour milling of blades for turbines and com 
pressors, which has become necessary in recent years 
has now reached a high state of perfection, In order to 
complete the shaping of a blade economically and 
accurately, a number of different milling processes ar 
necessary, and these should be carried out without un 
clamping, if possible. This means that a machine of this 
kind must be able to perform several different move 
ments, some of them exceedingly complicated. If control 
is to be automatic, a suitable system must be provided 
with a means of memorizing and allocating the combina 
tions in logical sequence 

I ig +isa simplified block diagram of the clectronx 
programming device developed by Brown Bover for 
use in conjunction with a particular modern contour- 
milling machine for shaping turbine blades, The machine 
operates in three dimensions, i.c., the cutter can fo 
curve in space 


ow a 
All movements are actuated hydrauli 
cally and, with the exception of the actual copying 


motion, which follows a guide on the specimen, are con 
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Fig. 2.  Cireuit diagram of a servo- 
control using transistors. 


S Servo-motor. 

















Relays. 
Gi, Ge Rectifiers. 
Tr Mains transformer. 
Ci, C2 Capacitors. 
Ri, Re Resistors. 
P; Feedback potentiometer. 
P2 Desired-value potentiometer. 
Ps, P. Potentiometers for limiting 
at upper and lower ends. 
Ta, Tp Schmitt triggers. 
Va, Vi Transistor pre-amplifiers. Tr 
trolled electrically. The machine 



















































































. 








can produce continuous main feed, 
pick feed, and a copying motion all | 
at the same time. The allocation of 
directions differs from one milling 
process to another and can be pre- 
set according to requirements. 

Electromagnetic valves are pro- “on 
vided for selecting and reversing |S 
the hydraulic movements. The 

servo-mechanism described, con- 

pick-feed motions. Squirrel-cage motors drive the cutting 
spindles, the pump of the hydraulic system, and various 
auxiliary devices. 

For position indication there is one pair of limit 
switches for the longitudinal and vertical directions 
respectively (E3 and £, in Fig. 3), while for the lateral 
direction two pairs are required, E; and Ee. A further 


these movements to the various 
taining transistors, is used to control the main- and 
pair of limit switches E; cuts in the choke before the slide 






































strikes the end-stop. The duties of the limit switches 
vary according to the milling programme, the allocation 
being performed by the programming device. 

For each function of the machine there is a selector 
with 2 4 positions. To set up a particular milling 
programme, a template has to be used for marking the 
positions of the various selectors. Six potentiometers are 
provided for preselection of the various main- and pick- 
feed speeds for a particular milling programme. These 
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. Fig. 3. Simplified block diagram ‘of the electronic 
M, M, M, M, M, M, Ms programming device for a contour-milling machine 
Qo for shaping turbine blades. 
P\-P Function selectors Rs Relay for resetting the function E\-E Limit switches on the machine 
41,22 Cold-cathode counting rings selectors after a run D Push-button * Programme start ”’, 
T\-Tos Multi-vibrators as impedance Ry Zeroing relay. D Push-button “ Interrupt "’. 
transformers and amplifiers K Relay combination for filtering the D Push-button “ Restart” 
R\-R Evaluating relays for the various impulses suitable for triggering \,-Ms Solenoids of hydraulic control 
functions of the machine. from the train emitted by the limit valves 
switches, 
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speeds are then held constant along the curve to be cut 
by a system of follow-up control acting through the 
servo-controller. The corresponding minimum and 
maximum values can also be preset on the potentio- 
meters. The circuit arrangement is such that the individ- 
ual movements can also be manually controlled. To 
select the method of control, a switch for automatic or 
manual operation is provided. The individual functions 
can be set by means of separate switches. Manual con- 
trol is primarily intended for setting up the machine. 

The basic element of the programming system is the 
cold-cathode counting ring, of which two decades in 
series form a scale of twenty, two such scales being used. 
By carrying on one counting impulse to the second ring 
when the first finishes a count, the cycle of nineteen steps 
zan be repeated nineteen times. The cold-cathode ring 
is triggered by the impulses received by the machine 
from the limit switches through a logical filter ; hence, 
only those impulses which denote the course of the pro- 
gramme according to the logical allocation are effective 

The impulse filter consists of relays and contains all 
interlocks necessary for the machine. The gates of the 
filter are set by the contacts of the functional relays 
Ri-Ry. Simultaneously, these relays actuate the sole- 
noids of the control valves through heavy-current con- 
tacts. 

Corresponding to each scale of twenty there are also 
two groups of four decade selectors for each function of 
the machine. Each of these selectors has four indepen- 
dent marking systems (on printed circuits), each with a 
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cold-cathode valve to supply the output impulse. This 
valve is fired, according to the programme, by the trans- 
fer impulse. As a result of the high-impedance impulse 
so obtained, the functional relays still cannot pick up ; 
hence, multi-vibrators are connected after them as im- 
pedance transformers, which, depending on their func- 
tion, may be mono- or bi-stable. In the latter case trig- 
gering is effected over two separate channels 

The number of counting cycles is fixed according to 
the position of the zero marking. This returns the cold- 
cathode counting rings to zero, but a new programme 
cannot begin until the order programme start is 
given by means of a push-button. If, for a certain count 
all nineteen steps are not required, it is possible either to 
reset directly to zero or, if the programme ts to continuc 
cyclically, the remaining steps are filled by a train of 
impulses produced by the impulse filter, the start and 
finish of the train being marked by selectors incorporated 
in the counting rings 

Once a programme has started, it can be interrupted 
at any point and restarted at the same point, if so desired 
by operation of appropriate push-buttons. If the pro 
gramme ts interrupted, the movements just switched 
stopped, the cutter is raised from the workpiece, and the 
tool and cooling pump stopped The programme is 
restarted in the reverse sequence 

The subdivision of the block diagram corresponds | 
the layout of the device. Use of printed circuits is made 
in the various plug-in sub-units, and identical sub-units 
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“ Function selector 
V = Power pack and suniliery relay 
D,-D, Push-button for Start Jato and sa -@t- 
rection “* 
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front of the unit, in addition to the elements directly 
concerned with programming, also contains the push- 
buttons for controlling the various motors, several selec- 
tor switches and push-buttons for controlling the machine 
manually, two potentiometers for independent regula- 
tion of the main- and pick-feed drives, and an emergency 
button. 

The operator in charge of a machine equipped with 
this sytem of controls, having once set up the machine, 
has only to clamp and unclamp the workpiece and press 
the start-button each time. Since the machining times 
are usually considerably longer than the clamping times, 
it is quite possible for an unskilled worker to control 
several machines at once. 

ELECTRONIC MEASURING AND POSITIONING DEVICE 
WITH PROGRAMMING OF MACHINE FUNCTIONS 


A further inportant advance in the automatic control 
of a machine is achieved when, in addition to controlling 
the entire movement of the machine automatically, as 
regards the starting points, direction, and speed, its 
position and the speed of these movements are known at 
every point or every instant. Then, the desired general 
functional allocation for such controls becomes possible. 
This aim can be attained only by means of continuous 
measurement. It is made possible—particularly when 
very high accuracy is specified—by dividing the distance 
to be measured into incremental steps, the length of 
which depends on the degree of accuracy stipulated. The 
number of increments per unit length is known as the 
resolving power, and these sections are counted numeri- 
cally by a suitable device. Assuming that a resolving 
power of 100 per millimetre is specified, the numerical 
value of the desired position is the same as its dimension 
in hundredths of a millimetre. With a single position 
value, only a linear movement from a datum point can 
be defined. For combinations of straight lines, for 
mathematically defined curves, and, above all, for em- 
pirical curves, a very large number of such values is 
necessary. The programming of these values is poss- 
ible only for complicated shapes with the aid of an elec- 
tronic computer with a memory. It is obvious that such 
installations involve a great deal of equipment, are very 
complicated, and are correspondingly expensive. 

An electronic measuring and positioning device, 
developed by Brown Boveri for use with vertical and 
horizontal lathes, milling machines, and jig-borers, in- 
corporates the above principles and uses a unit system of 
construction, with sub-units built up on printed circuits. 
The device is designed for two co-ordinates and includes 
two visual indicators, on which the distance can be read 
off directly in hundredths of a millimetre. The counting 
elements are cold-cathode rings wth a maximum count- 
ing rate of 2000 impulses per second. Thus, with a resol- 
ving power of 100 impulses to the millimetre, the maxi- 
mum positioning speed is 1-2 m/min. The device can 
count up to a total of 999,999 impulses, which, with the 
resolving power chosen, represents a length of 10 m. 

With this particular device it is necessary for only 
four points per co-ordinate to be automatically control- 
led. For this purpose, four-way selector switches are 
mounted beneath the visual indicator corresponding to 
the individual decades of each co-ordinate. The device 
also contains a programme selector switch and a function 
selector ; the former enables one of the four or eight 
preset positions to be selected in any order, while the 
latter relates a particular function of the machine, such 
as slow, stop, reverse, etc., to a definite position. 
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With a further selector the counting rings of the two 
co-ordinates can be switched in parallel onto one of the 
digitizers, so that eight alternative positions are provided. 
To fix measured distances, a memory switch is provided 
for each co-ordinate, the result of the measurement being 
retained, regardless of subsequent movements when the 
switch is actuated. The block circuit diagram (Fig. 4) 
shows the layout of the device and its division into the 
various sub-units, which, with the exception of the power 
pack and the relay control system, are plugged in and 
interchangeable. 

The digitizer specially developed for this purpose 
operates according to a photo-electric process in the 
range between 0 and 3000 cps. The position is measured 
by means of a precision toothed bar, the overall error of 
which is less than 8 p. The same degree of tolerance can 
be achieved for digitizing by suitable design of the pre- 
cision gear and photo-electric system. For every revolu- 
tion of the rigidly mounted driving pinion, 15,000 im- 
pulses are emitted, and these are brought to the ampli- 
tude and waveform suitable for reliable transference by 
a transistor pre-amplifier in the digitizer. 

Special circuits allow positive or negative adjustment 
to compensate for tool wear, to correct the cut, or to 
introduce a differential movement. From the digitizer 
the impulses proceed to a further amplifying and forming 
stage, in which the impulses needed to control the cold- 
cathode rings are produced. Conforming to the values 
to be positioned, the desired numbers of impulses can be 
marked in the position selectors belonging to the decade 
counting rings. When this number is reached, the last 
impulse appears as an Output impulse and triggers the 
positioning relay, which, through the function selector, 
switches those relays which, with their heavy-current 
contacts, interfere in the control of the machine. Every 
position order, on reaching its value and after an adjust- 
able output impulse, is either automatically erased or 
held in preparation for a new measurement. Zeroing 
and starting can also be actuated externally. 

The measuring point is quite independent of the 
reading scale, since the transmission is performed elec- 
trically and no complicated optical system is required. 
The measured distance appears as a numerical value, 
thus avoiding errors of observation, such as when a 
vernier is used. Since the device can be set to zero at any 
point, every measurement can be made from any point, 
unlike optical measurement, where it is often necessary 
to start from a point having an awkward numerical 
measurement. With the electronic method, automatic 
positioning is also possible. 





Titanium-Plating Processes and 
Properties of Coatings 
(Concluded from page 57) 
steel, nickel, copper, and other metals. In general, the 
best plates are obtained with melts containing reduced 
titanium mixtures such as titanium dichloride/titanium 

trichloride. 

Many of the processing variables applying to electro- 
decomposition plating also apply to soluble-anode 
plating. Current density is quite important in soluble- 
anode plating and must be controlled for both the anode 
and cathode. Current density must be substantially less 
at the anode than at the cathode, and for this reason the 
surface area of the anode must be appreciably greater 
than the area of the cathode (i.e., the part to be plated). 
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Progress in Thermonuclear 
Research 


The results of recent research at the Atomic Energy 
Research Establishment, Harwell, have led to the con- 
clusion that control of thermonuclear reactions for 
electricity generation may well eventuate, although its 
practical application still appears to be a long way off. 
In connection with this work, a large installation, desig- 
nated ZETA (i.e., zero-energy thermonuclear assembly) 
has been constructed, its purpose being to study the 
reaction in which deuterons collide with each other to 
fuse and form heavier nuclei, releasing energy and some 
neutrons in the process. For fusion to be possible, the 
deuterons must have enough energy to overcome the 
initial electrical forces of repulsion between them, necess- 
itating heating the deuterium gas to extremely high 
temperatures. Furthermore, the hot gas must be kept 
away from the walls of the container ; otherwise, it falls 
in temperature. 

The principle adopted in ZETA, a general view of 
which is shown in Fig. 1, is to pass a large electric current 
through the deuterium gas. This current sets up an elec- 
trical discharge in the gas, heating it and also producing 
an intense magnetic field around the column of hot gas 
This magnetic field causes the discharge to become con- 
stricted and hence heated still more and, since it also 
causes the discharge to “ wriggle’ about, this field by 
itself is not enough to keep the discharge away irom the 
walls. The wriggling has been suppressed by applying 
an additional steady magnetic field parallel to the axis 
of the tube. An artist’s impression of the thermonuclear 
flame is shown in Fig. 2. 

In ZETA the discharge chamber is a ring-shaped 
tube or torus of | metre bore and 3 metres mean dia- 
meter, containing deuterium gas at low pressure. The 
tube is linked (i.e., encircled ove: 
part of its length) by the iron 
core of a large pulse trans- 
former. A current pulse of elec- 
tricity is passed into the primary 
winding of the transformer from 
a bank of capacitors capable of 
storing 500,000 joules of energy. 
This pulse in turn induces a very 
large unidirectional pulse of cur- 
rent in the gas, which forms a 
short-circuited secondary for the 
transformer. Peak currents up to 
200,000 A have been passed 
through the ionized gas for per- 
iods up to 5 millisec. The cur- 
rent pulse is repeated every 10 


sec, and emission of neutrons 
throughout the pulse has been 
observed regularly in routine 


operation of ZETA with deuter- 
ium, up to 3 10° neutrons 
being emitted per pulse. 


Fig. 1 
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The temperature of gas discharges may be determined 
from measurements on the light emitted by the gas atoms 
but measurements of this kind in these experiments 
present problems, because, at the temperature of the 
discharge, the hot deuterium atoms are completely 
stripped of their electrons and therefore do not emit a 
line spectrum. One method of solving this problem is 
to mix with the deuterium a small quantity of some 
heavier gas, such as oxygen or nitrogen, the atoms of 
which are not stripped of all their electrons under 
these conditions, and to study the spectral lines emitted 
by this impurity ; the random motion of the high-energy 
impurity atoms, which make many with the 
deuterium atoms and so reach the same energy, causes 
the spectral lines to broaden, owing to the Doppler 
effect, and the amount of broadening ts a measure of the 
ion energy. Many measurements by this method have 
indicated temperatures in the region of 2 10° to § 
10° C. Whilst temperatures in this range are required to 
explain the observed rate of neutron production on the 
basis of a thermonuclear process the 
gas, arising from instabilities, can deu 
terium ions and lead to nuclear reactions. Such a process 
was described by Kurchatov in his lecture at Harwell in 
1956, so that it is not altogether certain that the observed 
neutrons come from a thermonuclear reaction. Admit 
tedly, there are good reasons to think that they are ce 
rived in this way, but it 1s also true that they could arise 
from other reactions, such as collision of deuterons with 
the walls of the vessel, or from bombardment of statior 
ary ions by deuterons accelerated by internal clectric fields 
produced in some forms of unstable discharge. Exper 
ments are continuing to study the details of the neutron 
producing processes. In the ZETA apparatus the number 
of neutrons produced by each pulse of the 


collisions 


electric fields in 


also accelerate 


cnerey as 


current was doubled was roughly that which might be 
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Fig. 2 


expected from a thermonuclear reaction at the measured 
temperatures. These temperatures have been. definitely 
established. 

Following the success obtained with ZETA, it is 
interesting to note that a similar discharge has been pro- 
duced and high temperatures obtained more economi- 
cally at the Research Laboratory of Associated Electrical 
Industries Limited, using a smaller apparatus, designated 
“Sceptre IIL’. This apparatus (Fig. 3) is an aluminium 
torus, made of tubing about 30 cm in diameter, the mean 
torus diameter being approximately 114 cm, and is 
threaded by an iron core weighing 4 tons. Numerous 
experiments have been carried out with this equipment, 
discharging into it energies up to 40,000 joules. Currents 
up to 200,000 A have been generated and temperatures 
up to nearly 4 10® °C have been measured. At tem- 
peratures between 2:3 10° and 3°8 10° C, neutrons 
are emitted copiously over a period of several hundred 
microseconds, during which time the discharge channel 
appears to be stable. Many experiments have been con- 
ducted to establish the conditions under which the 
neutrons are emitted, and the manner in which the 
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number emitted varies with gas pressure and tempera- 
ture and with different values of the stabilizing magnetic 
field, and it is hoped to improve the efficiency of the use 
of electrical energy to achieve a plasma of even higher 
ternperature. 

In order to obtain a net gain in energy from the 
reaction it would be necessary to heat deuterium gas to 
temperatures in the region of 100 10° °C, and to main 
tain it at this temperature long enough for the nuclear 
energy released to exceed the energy needed to heat the 
fuel and lost by radiation. Lower temperatures would 
suffice for a deuterium-tritium mixture. The high tem- 
peratures achieved in ZETA and the relatively long 
duration for which the hot gas has been isolated from the 
tube walls are the most important experimental results 
obtained so far. Whilst a much longer time (perhaps 
several seconds) is required for a useful power output, 
there appears to be no fundamental reason why these 
longer times, together with much high temperatures 
cannot be achieved. There are, however, many major 
problems still to be solved before its practical applica 
tion can be seriously considered, and the work must be 
expected to remain in the research stage for many years 
Certainly, however, if it eventually proves possible to 
construct a power station operating on the fusion of 
deuterium, there can be no doubt that a virtually is 
exhaustible source of fuel will be available from ordinary 
seca-waler 


Pneumatic Suspension Systems for 
Vehicles 


I xperiments with pneumatic SUSPCNSION syster ire 
being carried out on their bulk-liquid transporters by 
Thompson Brothers (Bilston) Ltd., of Bilston, Staffs., and 
have so far been so successful that quantity production is 
contemplated in the near future 

Eliminating the inherent disadvantages of laminated 
leaf springs, i.c., constant rate, varying periodicity, and 
inpredictable inter-leaf friction, the pneumatic suspen 
sion system operates on the principle of compressing a 
volume of air trapped in a concertina-shaped, nylon 
reinforced rubber bellows. In a typical example, the body 
of the bulk-liquid transport tank bears on the axl 
through two or more of these bellows, which are filled 
with compressed air from a reservoir whose pressure j 
maintained by the air-brake system of the vehicle. In the 
unlikely event of failure of the suspension, the brakes are 
safeguarded by a non-return valve. The flow of air from 
the reservoir to the bellows is controlled by two levelling 
valves, which maintain the static height of the vehicle at a 
constant figure, irrespective of the load being carried 
Thus, as distinct from conventionally spr 
full travel of the springs is always available to absorb 
road shocks 


icles, the 


Air-suspension systems of this type adjust themselves 
automatically to suit the load being carried and are tl 
just as soft when unladen as when lader Other 
tages are that, as there is virtually no internal friction in 
an air spring, the system will function as designed, ind 
pendently of the factors governing leaf-spring friction 
while the climination of all conventional greasing { nts 


‘ 


reduces maintenance costs 


Midget Electric Screwdrivers 


Designed for continuous operation, the Bosch higl 
frequency miniature clectric screwdriver, model HR4)/14 
distributed in the U.K. by Trend Industrial I quipment 
Lid., of Stanmore, Middlesex, can be adjusted to tighten 


nuts and screws to a predetermined torque which remains 
constant, thereby making it especially suitable for 
assembly work. This screwdriver weighs only 14 o7 and 
can be suspended from a spring-balancer, as shown in the 
illustration, thus providing a convement means of bris 
ing it down on the screw head and then releasing it 
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QO. What does it cost to drive 
aitokW Generator from 
a 14/22 h.p. Armstrong Siddeley 
Air-Cooled Diesel ? 


A. $0.01385 (1.175°) per kW/hour 


ACTUAL COSTS 





















FOR 26064 HOURS RUNNING WERE: % Figure supplied by 
Diesel fuel (less tax: 1178 gals.) . . . ... . . $259.27 Gt. Raymond Paper Co. 
Lubricating oil, filters etc... ......... $81.71 of Lac Briilé, Canada. 


Spare parts (fuel filter assembly)... .... . $20.35 


Fuel consumption (Gals'‘Hour). ....... - 0.441 





YEARS OF KNOW-HOW: The diesel engines are manu- 
factured with the same precision as the Hawker Siddeley 








Group’s world-famous aero engines. 


MATERIAL-CHECKED: Armstrong Siddeley experts regu- 


larly visit suppliers of materials and components to check 





on their quality controls. 


PRODUCTION-CHECKED: Engines are taken off the pro- 
duction line at random and given a fifty-hour running [fC 


test. 


THERE IS NO MORE RELIABLE DIESEL ENGINE. 
Three models: 6-11 h.p., 14-22 h.p., 20-33 hip. 


Write now for brochures. 











Armstrong Siddeley 
AIR COOLED Ojesels 


ARMSTRONG SIDDELEY (BROCKWORTH) LTD - HUCCLECOTE - GLOUCESTER 





MEMBER OF THE HAWKER SIDDELEY GROUP 
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Various models are available for accommodating 
different sizes of nuts, bolts, and self-tapping screws, and 
all are designed to operate from a 3-phase a.c. supply of 
42 V at 300 cps, requiring the use of a frequency changer. 
A suitable 4-kVA frequency changer is available and is 
capable of operating up to fifteen screwdrivers simultane- 
ously. 


4-Roll Initial-Pinch-Type Plate- 
Bending Rolls 


With a capacity for bending mild-steel plate up to 8 ft 
in width and ¢ in. in thickness, the 4-roll initial-pinch- 
type plate-bending rolls shown in the illustration can bend 
to a circle with the absolute minimum amount of flat on 
the long edges with only one rolling pass. A unique 
feature of this machine, which has been built by The 
Bronx Engineering Co. Ltd., of Lye, near Stourbridge, is 
the fitting of a skid-plate to permit the rolling of cones in 
one pass, in the same way as cylinders, thereby climinat- 
ing the normal tedious method of working to datum lines 
required for 3-roll pyramid-type plate-bending rolls 

The centre bottom roll is adjusted vertically for grip- 
ping the plate and is operated from a conveniently 
located handwheel. The two side bending rolls are 
individually adjusted by means of separate 10-hp revers- 
ing motors, directly coupled to worm gearing in the 
housings and controlled by push-buttons. The top roll is 
fixed, but the bottom pinch roll is adjustable up and down 

—" 
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for plate thickness and, like the two outside bending rolls, 
can be tilted for conical work. A multi-jaw clutch is 
arranged on each driving shaft, so that one end of the 
roll is operated for conical setting. The positions of the 
side bending rolls are shown by pointers on a graduated 
scale mounted alongside the roll chocks, and by dials 
mounted on top of the machine at the operator's position 
The top roll is provided with a long counterbalancing 
extension for retaining the roll when the end-bearing 
swings down. A support is provided at the extreme end 
of the machine, engaging the ball end of the roll and 
operated by means of a handwheel. Limit-switches are 
fitted to the side bending rolls to prevent damage to the 
machine, should they be accidentally overrun either up 
or down, while a magnetic brake is fitted to the 1S-hp 
main drive motor to eliminate overrunning of the rolls 

The brake-jaw or skid-plate is fitted on the right-hand 
housing for the rolling of cones or tapered shells, the 
action being that the small side of the plate which will 
form the small diameter of the cone will skid on the face 
of the plate and make up for the difference in the two cone 
diameters 


Continuing Graphite-Electrode 
Salt Baths 


Providing a practical and economical method of heat 
treatment, the Efco-Upton continuing graphite-clectrodc 
bath, recently introduced into the U.K. by the Electric 
Resistance Furnace Co. Ltd., and based on proving tests 
by their associates, Upton Electric Furnaces Litd., of 
Detroit, Michigan, have the main advantage of being able 
to renew electrodes without having to take down any part 
of the furnace brickwork 





The electrodes consist of cylindrical graphite rods 
which are fed horizontally through opposing walls at the 
bottom of the refractory lining, as they are consumed 
whilst the furnace is still in operation. Moreover, a fresh 
electrode can be attached to the screw-feed device, again 
without interrupting operation of the plant ; hence, the 
full life of the furnace lining can be utilized an advan 





tage never before possible with submerged clectrox 
Since the electrodes are submerged, with the only end faces 
exposed to the salt, clectrode wear is reduced to a mini 
mum and their life increased 

With the special dense high-temperature bricks used, a 
lining life of 12 to 18 months is achieved at high-speed 
stecl-hardening temperatures, and 3 years on neutral 
hardening up to 1000°C, while a life of 5 to 10 years is not 
uncommon on aluminium brazing In addition, the 
special lining bricks used result in a negligible ammount of 
salt absorption into the lining, whereas, with conven 
tional refractory linings, practically the same volume of 
salt is absorbed by the brickwork as is contained in the 
actual pot. This point is of particular importance in high 
speed and brazing baths, where the salt (or flux) is a com 
paratively expensive item 

Another advantage 1s that, with the clectrodes located 
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Putting two and two together and making five ! At least, that’s how it appears when you 
consider the saving in time and cost by changing over to tapping screws. 
Without doubt, the tapping screw does display a number of very definite advantages over the 
conventional machine screw. It obviates the use of nuts. With its self-locating point, 
it forms its Own thread and eliminates a separate and expensive tapping operation. 
It makes for easier assembly, is stronger, cheaper and faster. And when used in conjunction 
with the Phillips recessed head, designed for power driving without damage to either 
work or worker, it is obviously safer. Putting two and two 
together, the tapping screw simply ensures a better job. 
Why not change over to tapping screws and prove it for yourself? 


oO 
Linread tapping screws for economy and safety 





LINREAD LTD. COX ST. BIRMINGHAM 3 


SLOTTED AND PHILLIPS RECESSED HEAD MACHINE SCREWS AND TAPPING SCREWS . HIGH TENSILE HEXAGON HEAD BOLTS AND SETSCREWS 
AIRCRAFT BOLTS, SCREWS AND RIVETS © SEMS © RIVNUTS © CUSTOM DESIGNED COLD FORGED FASTENERS © ALEX SCREWPLUGS. 
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in the very bottom of the bath, the entire exposed surface 
of the salt and operating depth are available as work 
space. Here again, the absence of any metal which could 
result in the presence of metallic oxides in the bath 
facilitates maintenance of the neutrality of the salt in 
hardening operations and obviates premature breakdown 
of the flux in aluminium brazing. 


Cylinder-Operated Valves 


A new range of cylinder-operated valves, suitable for 
saturated steam up to 300 psi, superheated steam up to 
250 psi and 500°F, and oil and water up to 500 psi at 
150°F, is announced by Hunt & Mitton Ltd., of Birming- 
ham. These valves are available in sizes from | to 4 in., 
with flanged connections, and are supplied in two types, 
i.e., air to open, or air to close. 











The body of the valve is of the globe type, manufac- 
tured from a bronze casting, and is fitted with a bolted 
cover, renewable nickel-alloy valve discs and seats, and 
an amply dimensioned stainless-steel spindle The 
cylinder, which is secured to the cover by heavy mild- 
steel pillars, is suitable for operating air at 60 to 110 psi, 
and may be of the double-acting type or single-acting 
type with spring return 


Small-Capacity Capstan Lathe 


Introduced as a high-quality small-capacity unit in 
the low price range, the ** Flying Half Inch” capstan 
lathe announced by Murad Developments Ltd., of 
Aylesbury, Bucks., is nevertheless designed to offer 
optimum conditions for machining a wide range of 
ferrous and non-ferrous materials, and is equipped with 
six spindle speeds, forward and reverse, from 355 to 
4000 rpm 

All slides are equipped with fully adjustable stops, 
and the slideways are hand-scraped to 00005 in. align- 
ment. The short spindle is driven by a V-belt and accom- 
modates dead-length collets capable of gripping round 
bar up to }-in. in diameter. A fully automatic spindle 
brake is fitted, which engages whenever the forward 
reverse lever is in the central neutral position. The con 
trols are finger-light and respond instantancously to 
manipulation, while controlling movements have been 
reduced to a minimum For example, the pneumatic bar 
feed is interlocked with the collet, so that, by operation 
of only one control, the collet is opened, the bar fed to 
length, and the collet reclosed 

Three versions of the machine are available. Of these 
model ** OA " has a lever-operated collet and hand feeds 
to the turret slide, while model “OB” has a lever 
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operated collet and three rates of power feed to the turret 
slide, and model ** OC ™ has pneumatic pedal operation 
of the collet and three rates of power feed to the slide 
All gearboxes on models “OB” and “ O6 are auto 
matically lubricated by a built-in oil pump. In additior 
the collet mechanism of model ** OC is actuated solely 
by pneumatic power, and 1s held firmly closed mechar 
cally in the event of failure of the air supply 


Induction-Heating Methods for 
Blowpipe Manufacture 


A new induction-heating coil of special design is now 
being used for the manufacture of © Saffire hand weld 
ing and cutting blowpip:: by British Oxygen Ciase 
Limited (Equipment Division) The brazing assembly 
consists of three stainless-stee! tubes connected to an 
angle nozzle head, together with hard brazing rings 
Using the orthodox method of brazing. the assembly was 
fixed in position on a “ rise-and-fall ” table, which was 








The perfect approach 


‘Eclipse hacksaw blades and other tools are made by James Neill & Co. (Sheffield) Ltd. and are obtainable from all tool distributors 
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raised to allow the tubes to pass through a closed coil 
until the assembly reached the brazing position. After 
the components had been subjected to a rapid air quench, 
the table was lowered, so that the assembly could be 
removed. 

During the period when the table was in operation, 
the induction heating machine lay idle, and it was decided 
that production could be increased if a new type of coil 
was designed which would eliminate the need for the 
table to be used. The new coil is constructed in three 
parts. Two water-cooled forks are made to fit the contour 
of the component, with a slight taper at the front of each 
member, these being attached to a fixture of insulating 
material and mounted on a fixed pedestal. A wedge- 
piece, with a taper corresponding to the taper on the 
forks, is then attached to the work-holding fixtures and 
made to slide horizontally in runners on the fixture hold- 
ing the coil, the wedge-piece completing the circuit. A 
micro-switch is attached to a runner on the coil-holding 
fixture, to ensure that the current cannot be switched on 
until the work is in position, thus preventing arcing. 
The three tubes, angle-head, and brazing rings are slid 
into the split coil, and the induction-heating machine 
completes its brazing cycle immediately. 

This new coil and fixture have enabled the advantages 
of the induction method of brazing to be fully utilized. 
While the brazing operation is being carried out, an 
additional work-holding fixture can be loaded, thus en- 
suring maximum machine utilization and increased 
productivity. 


Resistance Welder for Laboratories 


Primarily designed for research work into either spot, 
seam, roll-spot, or projection welding, the model UAM. 
150 resistance welder announced by Sciaky Electric 
Welding Machines Limited, of Slough, Bucks., can also 
be used for production runs, if required. 

To make the machine suitable for practically every 
kind of metal, the pressure head is pneumatically con- 
trolled, and provision is made for one, two, or three 
pressure cycles. A frictionless roller-bearing diaphragm 
head is fitted. The fully electronic Sciaky control panel 
allows for extremely accurate timing control from 4 cycle 
upwards, phase-shift stepless heat control, slope control, 
and preheat and/or post heat. Three fully synchronous 
basic Sciaky dekatron timers, plus motor control, give an 
almost infinite combination of machine settings. The 
machine-control circuit and time-control equipment are 
housed in a separate cabinet to eliminate any inaccuracies 
due to vibration or interaction from welding-transformer 
fringing fluxes. For ease of maintenance, all the doors 
and covers of the control cubicle may be quickly removed 
The timing circuits, etc. are mounted on a reversible 
draw-out chassis. 

Two lower arms are supported on pillars, one on each 
side of the machine. The seam or roll-spot arm, when 
clamped into position, engages with a shaft from the in- 
finitely variable speed motor/brake unit. For spot weld- 
ing, the lower arm, equipped with a tee-slot platen, ts 
used in conjunction with bolted-on electrode holders 
The arm not in use may be swung through approximately 
180 deg., to lie along the main frame of the machine, well 
clear of the operator. As an aid to the seam-welding of 
coated materials, an extra tool is available for knurling 
the electrode faces. 


Viscous Impingement Filters and 
Air-Cleaning Panels 


It is announced by Intermit Limited, one of the 
Birfield Group of Companies, that they have negotiated 
licences to manufacture in the U.K. two American de 
signs of air-filtration and gas-cleaning plant and related 
equipment and are now in full-scale production of “ Far- 
Air ” viscous impingement filters and ** Rotonamic " air- 
and gas-cleaning panels. 
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“ Far-Air” filters operate on the principle that air 
borne solids, because they have higher inertia than the au 
in which they are carried, will continue to travel in a 
Straight line, while the air streams will travel by a devious 
route. Each filter therefore consists of alternate strips of 
herringbone-crimped wire cloth or gauze, sandwiched 
between flat (uncrimped) strips of wire gauze. These 
strips are 2 or 4 in. wide and are assembled into pressed 
metal frames of appropriate thickness, with the lengths 
and breadths corresponding to a range of standard sizes 
An assembly of these single filters can be held in an inter- 
locking frame and thus comprises a filter bank of large 
area, through which atmospheric air can be drawn by 
fans. Each filter is treated, before use, with a specially 
developed mincral oil of a specification which produces 
high wicking and adhesive tendencies without odour 
When airborne particles, carried with the air into the 
filter labyrinth, impinge on the adhesive oil, they remain 
trapped, and the air is clean by the time it traverses the 
filter. A 2-in. thickness of filter is normally sufficient, the 
4-in. filters being specified for those atmospheres only 
where the proportion of solid particles is abnormally high 

Cellulose-tissue ("" paper") filters are also available 
from Intermit Limited, and these can be used in con 
junction with the metal fabric filters and fitted into the 
same frames, to give exceptionally complete removal of 
solids in the range up to 10 mticrons diameter. To protect 
reciprocating prime movers and air compressors against 
abrasion, circular filters can also be supplied; these also 
operate on the labyrinth principle and lengthen the life 
and maintain the peak performance of, for example, diese! 
engines both in railway and road transport use. In 
addition. the use of glass-fibre media, compressed on 
installation from 2-in. to 1-in. thick, is available, provid 
ing an effective filter for installations which must be 
simple to maintain and which may require different media 
under different operating conditions 





tig. 1 


Far-Au” filters can be removed and replaced im 
about 15 sec, and their overall efficiency is stated to be as 
high as 99°5".,, while a conservative estimate of their life 
is given as 10 years. Fig. | shows (left) a circular" Par 
Air" engine-intake filter beside a mounting adaptor and 
also fitted into the mounting adaptor. In addition, a 
standard impingement-type panel filter im illustrated (toy 
centre), together with a standard filter frame with a high 
pressure filter fitted for even finer penetration (top-right) 
and a rear view of a high-pressure filter fitted to a standard 
filter frame (bottom night) 


In the * Rotonami air cleaner helical blades 
mounted in a panel impart to the air a whirling motwr 
in its passage through the panel. The sudden acceleration 
and whirling moment centrifuge solids out of the aw 
sircam into comparatively still air, where they fall out of 
suspension and are aspirated away for collection of other 
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Polish quicker and better with the 
improved 3M “PG” Wheel 


The 3M PG Wheel provides a 
revolutionary, new concept in 
coated abrasive use. It is form- 
ed from hundreds (over 1,000 
in large PG Wheels) of die cut, 
cloth backed, coated abrasive 
segments locked in a hub. This 
unique design offers unusual 
conformability even to irregular 
shapes and eliminates many 
hand operations in metal finish- 
ing. 
The 3M PG Wheel is versatile. 
It is available in a range of sizes 
to be used on all portable tools, 
bench machinery, stationary 
lathes and automatic equip- 
ment. Polishing, buffing, blend- 
ing, deburring and removal of 
rust, scale, paint, etc., are but a 
few of the many operations the 
PG Wheel will perform quickly 
and economically. Such low 
cost, high production finishing 
offers a consistent, uniform 
finish unmatched by any other 
method. 





MINNESOTA MINING & MANUFACTURING COMPANY LIMITED 
3M HOUSE, WIGMORE STREET, LONDON, W.1I, and BIRMINGHAM - MANCHESTER GLASGOW 








WORLD'S LARGEST MANUFACTURERS OF COATED PRODUCTS 


I am interested in receiving further information about the ‘‘PG” Wheel 
Name 

Company 

Address 


Tel No 
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Fig. 2 
disposal. The equipment is extremely simple and has 
high efficiency. Furthermore, as it has no moving parts, 
no maintenance is required, apart from emptying the 
collected solids from a hopper. In many cases, these air- 
filtration panels can be incorporated into existing dust- 
removal equipment. Fig. 2 shows (top) a ** Rotonamic 
assembly with a flexible hose for use with an engine ex- 
haust as a dust aspirator, and (bottom) a filter panel, the 
solid particles removed from air or other gases drawn 
through the panel being aspirated through the tubular 
section at the base of the panel. 


Collapsible Containers 


Widely used in Sweden and other European countries, 
** Retemba ” collapsible containers are now being manu- 
factured and distributed in Great Britain by the Warwick 
Production Company Ltd., of Warwick. Features of these 
containers include durability, low weight/volume ratio, 
small storage space, and rapid erection and collapsing 

The panels are constructed from a strong laminated 
timber, which has been specially bonded and treated to 
withstand rough usage and exposure in all weathers. The 
frame is fabricated from corrosion-resistant, fully heat- 
treated aluminium-alloy extrusions, with the base pro- 
viding positive stacking, whether extended or collapsed 





The interior has sheer sides, free from obstructions, and 
all fittings, such as handles and hinges, are of cadmium- 
plated steel. The clasps are of spring steel, and at cach 
end of the container is an automatic clip-fastener which 
incorporates a quick-release pull-toggle, permitting an 
effective seal. All fittings are housed in such a way as to 
permit the full internal capacity to be used 

At the moment, two standard sizes of container are 
available, i.c., model RT4, with internal measurements of 
30 15 15 in. and weighing 29 Ib, and model RT6 
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measuring 30 223 15 in. and weighing 37 Ib. The 
respective capacities are 3-9 and 5-8 cu ft, and in each 
case the container collapses to 17°, of its extended 
volume. Special sizes can be supplied, if required 


Thread-Measuring Comparator 


Based on the same principle as the ** Marlico ™ thread 
measuring parallels, but employing a dial indicator 
instead of a micrometer, the Marico thread-measuring 
comparator announced by W. H. Marley & Co. Lid., of 
London, N.11, is designed for the accurate measurement 
of male threads and ensures repetitive accuracy to within 
0-0005 in Although primarily intended for thread 
measurement, a wide range of anvils ts available for other 
external forms, including grooves, flats, plain diameters, 
undercuts, and firtree serrations. The trigger mechanism 
to the dial indicator is easily controlled by light finger 
pressure, permitting engagement of the component in 
position before lowering the anvil 





The required anvils are inserted into the holder and 
are retained in the axial position against a hardened ball 
by internal circlips, so that the anvil can be rotated to 
accommodate the various helix angles when measuring 
the effective diameter of threads. The gap is set roughly 
to accommodate the component, and the back-stop 
adjusted to register it in the desired position As the 
measuring surface of the anvils is | in. in width, the back 
Stop setting need not be accurate, visual setting being 
sufficient for the purpose Final setting on the dial 
indicator to a zero reading 1s made by a fine screw adjust 
ment through the lower anvil holder The dial can bx 
rotated through 360 deg. Lo present its most advantageous 
viewing position, and the instrument can be used for 
measurement of the effective diameters of male threads 
up to 24 in. in diameter, irrespective of direction of 
thread 


Electronic Level Controllers 


Although basically operating on the capacity method 
the new * Tektor Major ” level controller announced by 
Fielden Electronics Limited, of Wythenshawe, Man 
chester, 1s not merely another form of proximity switch 
but 1s designed for a multiplicity of level-control problem: 
and to give stable and reliable results consistently and 
accurately, with virtually no attention 

A control-knob inside the case on the front of the 
chassis enables the set-point to be adjusted casily on site 
once adjusted, a note may be taken of the reading for 
future reference. The chassis can be removed quickly and 
easily, greatly facilitating servicing, especially when the 
unit is situated in comparatively inaccessible positiom 


The sensitivity of the instrument i better than 10 pl 
under all conditions, negligible effects arming from such 
factors as a 10°.. change in supply voltage, ambwent 
temperature variations of from 20 to SO ¢ and «a 


lapse of time. There are no moving parts in the container 
direct contact with the material under control m ur 
necessary, and installation is extremely simple 

For the high-level model, standard lengthen of cabk 
range from 6 to 35 ft maximum, and for the low-level 

















On the five-stand 


cold-reduction mill at Velindre tle 


This five-stand cold-reduction mill built for The Steel Company of Wales, Velindre, by Davy 
and United Engineering Company Limited, is equipped with Timken tapered-roller bearings 
on the work roll necks and in the screw-down mechanism. The illustration shows the mill 


with spare work roll assemblies in the foreground, ready for a work-roll change-over. 


The sectional drawing shows a typical arrangement of Timken tapered-roller bearings on work rolls. 


tapered-roller bearings 


MADE IN ENGLAND BY BRITISH TIMKEN LTD 


DUSTON, NORTHAMPTON (HEAD OFFICE): DAVENTRY AND BIRMINGHAM. 
Telephone: Northampton 4921-8 & 3452-3. Telex No. 31-620. Telegrams: Britimken Northampton Telex. 
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model from 6 to 20 ft. This increase in cable length is a 
decided advantage, inasmuch as the unit can be installed 
some distance away from the probe. A cable selector 
switch is fitted, enabling the appropriate cable length to 
be accommodated on site, the performance of the instru- 
ment being independent of cable length up to the stated 
maximum. A voltage-selector switch is also fitted, per- 
mitting the controller to be set for any supply voltage in 
the 110-125, 220-250, and 380-440 V ranges, 40 to 60 
cps. In addition, two long-life indicator lamps are pro- 
vided, one of which is on at all times, and * fail-to-safe ” 
facilities are also included. 


Thermocouple Wire 


A new type of thermocouple wire announced by 
Philips Electrical Limited, of London, W.C.2, has been 
specially designed for measuring a wide range of tempera- 
tures under extreme conditions, e.g., the surface and 
working temperatures of all kinds of heat-treated 
materials, furnaces, working machine parts, and in 
heating and cooling installations. It is particularly suit- 
able for use in atomic-energy plants, steel mills, mechani- 
cal engineering and motor industries, and in many other 
situations where an alternative temperature-measurement 
method would be impracticable. 

Four different types are available for temperatures 
ranging from —200 °C up to 1000 C with ceramic- 
packed single or double cores in metal sheathing. Dia- 
meters vary between 0°5 and | mm, according to type 
The wire can be bent to a curve having only five times the 
wire diameter and into any configuration without risk of 
earthing or shorting the cores. It has extremely low 
heat capacitance at the hot junction and, therefore, a high 
response sensitivity. Suitable for high-pressure working 
conditions, it requires no additional insulation, is simple 
to install, and is ideal for multi-point measurement where 
space is limited. 


Dewpoint Meter 


Intended for the precision measurement of water- 
vapour density and pressure, proportion of water vapour 
by volume, and dewpoints, the Alnor dewpoint meter, 
originally developed by the Illinois Testing Laboratories 
Inc., of Chicago, is now being manufactured in the U.K 
by C. F. Casella & Co. and marketed by the Electric 
Resistance Furnace Co. Ltd., of Weybridge, Surrey. 

The instrument is portable, self-contained, and manu- 
ally operated, and is designed for measuring the water- 
vapour content of air or any other gas with a dewpoint 
within the range of —80°F to room temperature. It is 
suitable for testing in many chemical-plant processes, 
plastics manufacture, and air-conditioning and refrigera- 
tion installations, and can also be employed in the 
measurement of furnace atmospheres for bright-annealing, 
carburizing, carbo-nitriding, and bright-hardening, where 
the water-vapour content of the furnace atmosphere and 
the atmosphere delivered from the gas generators is of 
primary importance. 

The instrument operates on the principle of the cool- 
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ing produced by release of pressure of a gas. By means 
of a built-in hand pump, a sample of the gas is drawn into 
the instrument and held in an observation chamber above 
atmospheric pressure. The temperature of the gas is then 
read and the pressure quickly released by depressing an 
operating valve, switching on a lamp and illuminating 
the chamber. If the gas has cooled to dewpoint owing to its 
rapid expansion, a fog will be observed through the 
window. Even where there are “no-dust " conditions, a 
radium foil incorporated produces ions to act as substi 
tute nuclei, around which the droplets can form. The 
actual dewpoint temperature is read from a slide-rule 
calculator which gives the relationship between initial 
temperature, pressure ratio, and dewpoint 

The instrument eliminates the possibility of imprecise 
reading and measurement by making coolants unneces 
sary, and by enabling readings to be taken away from the 
source of the gas. It can be used, within its range, for any 
gas which is non-corrosive to brass or copper, and has 
been so designed that it can be operated accurately by 
semi-skilled personnel 


Oil-Mist Lubricators 


Suitable for air pressures up to 150 psi, with flow in 
either direction, a new type of oil-mist lubricator devel 
oped by Telektron (Great Britain) Lid., of London 
S.W.1, incorporates a novel fixing method and has 
operating characteristics which are especially suitable 
for use in air-line systems subject to intermittent flow 
These lubricators are designed to give an initial burst of 
rich oil-air mixture on the first flow through them, and 
thereafter to reduce the oil content of the mixture and 
maintain it at a level proportional to the flow Although 
they are suitable for use on constant flow, their charac 
teristics are best suited to intermittent air-flow require 
ments, such as the automatic and remote contro! of 
motorized valves fitted with air-motor or cylinder units 





Fitted with gunmetal or cast-iron bodies and special 
transparent bowls of 4 pint capacity, held in position 
with a clamp ring, the lubricators are designed for simple 
peg-mounting from a bracket, wall, or cable tray The 
distance from the wall is adjustable, thus permitting a 
group of lubricators to be mounted close together by 
allowing the pipes in and out of cach lubricator to pass 
behind the others. They are also suitable for pane! 
mounting and are designed so that the bowls may par 
tially protrude through a cut-out in the panel, enabling 
the filling cap to be exposed With this arrangement the 
oil level may be easily viewed from all angles and the 
lubricator refilled from outside the panel. Alterations to 
lubricator performance are made by internal setting of 
the wick position in the air stream, and this cannot be 
altered without the use of a special spanner. The wick 
and peg-mounting clamp are adjusted by means of 
standard Allen keys. A legend strip mw fitted in cach 
bow!l, indicating oi! type and level 








ELLISON 
"“EC’ 











HAND FOOT 
OPERATION OPERATION 
Made by 


A77 





HYDRAULIC VALVES 





To the advantages already associated 
with “‘Ellison’’ Valves have been added other notable 
features in a new range suitable for any of 


the usual forms of operation illustrated below. 


The advantages include :— 
* Easy convertibility from one form of 
operation to another. 


* Arrangements for manifold mounting 


if required. 
* Long and trouble free service. 
* Maintenance reduced to a minimum. 


Write for further information or ask for an 


engineer to call. 


rom on  h’A-3 on ood 





SOLENOID 
OPERATION 


AIR OR HYDRAULIC 
OPERATION 


AIR DIAPHRAGM 
OPERATION 


S50) :Xe) 2 DDB ISO)N 


IMTEED 





PERRY BARR: BIRMINGHAM 228 


THE ENGINEERS’ DIGEST 























included in condensed form in this section. 











Mixing Processes and Flow Configurations in Two-Cycle 
Engine Scavenging. 

By W. Rizk. (From a paper presented at a meeting of 
The Institution of Mechanical Engineers, London, 
January 31, 1958, 13 pages, 20 illustrations.) 

THE performance of all two-cycle engines still depends 
very largely on the effectiveness of scavenging the cylin- 
der and on the total amount of charge it is possible to 
achieve during the brief period available. Although the 
overall results of the scavenging process are of import- 
ance, insufficient emphasis has been given in the past to 
a detailed examination of the flow within the cylinder and 
at the exhaust ports. No quantitative data exist on the 
instantaneous composition of the flow expressed in the 
relative proportions of exhaust gas and scavenge air and 
the manner in which this ratio varies with time, as 
scavenging proceeds. 

This paper describes work carried out at various 
stages between 1944 and 1954 and indicates the need for 
a new approach in the study of the scavenging process in 
two-stroke engines. Its main object is to outline various 
ways of studying the main features of the scavenge flow 
within the cylinder, as distinct from the gas dynamics of 
the charging process. By using a special photoelectric- 
cell probe in a scale model and determining the change in 
purity of the stream at any point, it was possible to exam- 
ine the basic characteristics of scavenging flow and 
consider the process as taking place in broadly three 
phases. The first of these, entailing the formation and 
development of the inlet jets, has been studied in a pre- 
liminary way with the aid of a colour-reacting technique 
to show the mixing region, together with the undiluted 
core of a jet starting from rest. This has thrown light on 
the rate of mixing in the initial phases of scavenge flow 
and has indicated the possibility of achieving higher 
efficiencies by a reduction in the size of inlet ports and an 
increase in their number. 

An experimental study carried out on a loop-type 
system has shown that the flow configuration can be 
substantially different from that usually assumed and 
that flow instabilities could occur, leading to partial 
short-circuiting of the flow. Photographic records of 
the flow and the major axis of rotation under various 
conditions have been obtained and assist in showing 
qualitatively the effect of altering the angles of entry of 
the jets. It is further shown that, under certain condi- 
tions, an increase in the inlet-air flow could nullify any 
gains in scavenging efficiency. End-to-end scavenge 
systems are also discussed, indicating the need for further 
study of some of the major parameters governing the 
flow. 


Mechanized Surfacing with Alloy Materials. 

By R. S. ZucHowski and J. H. Neery. (From The 
Welding Journal, U.S.A., Vol. 37, No. 1, January 
1958, pp. 22-29, 19 illustrations.) 

SURFACING is becoming increasingly important as a pro- 

duction tool. As reported some time ago, mechanized 

equipment is available for use with any of several pro- 
cesses, i.¢., oxyacetylene, inert-gas tungsten-arc, inert- 
gas consumable-clectrode, or submerged-arc. For the 
most part, however, the use of these processes has been 
restricted to applications involving only a few standard 
materials. Mechanized surfacing with special alloy 
materials has not been widespread 

There has always been a need for depositing alloy 
materials with one or all three of the characteristics of 
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good abrasion resistance, high impact values, and ability 
to resist corrosion. To obtain deposits with these charac 
teristics, many fabricators have had to use manual sur 
facing methods, because of the unavailability of some 
alloys in a usable form for mechanized surfacing. Recent 
developments have, however, extended the number and 
types of alloy materials which can be deposited with 
mechanized surfacing. As a result, fabricators are no 
longer limited to the use of manual surfacing, with its 
high cost, inconsistent quality, and low speed 

This paper focuses attention on three processes, cach 
of which has its place as a production tool, these being 
(1) inert-gas tungsten-electrode hard surfacing with the 
addition of tungsten carbide powder, (2) the inert-gas 
consumable-clectrode process with cold-wire addition 
and (3) submerged-arc surfacing with any one of several 
techniques and with or without powder-alloy additions 

Each of these processes may be used to deposit a 
variety of materials, including alloys not available as 
standard welding wire. When these processes are used 
better quality deposits and higher deposition rates are 
obtained at less cost than with other methods. The use 
of multiple welding wires and powder alloys furnishes a 
means by which the composition of alloy deposits can 
be altered even further to suit application requirements 


The Effects of Moisture on Transistors. 
By J. T. Wattimark and R. R. Jonnson. (From ROA 
Review, U.S.A., Vol. 18, No. 4, December 1957, pp 
512-524, 9 illustrations.) 
THE influence of water vapour on the characteristics of 
the germanium surface has long been studied in order to 
obtain information about the surface layer and its effects 
on the stability characteristics of transistors ven 
minute traces of water produce such large effects that 
hermetic encapsulation of transistors in dry surrounding» 
had to be introduced before their characteristics could be 
made reasonably stable 
It has been established that water vapour introduces 
a positive trapped charge on the germanium surface 
driving the surface conductivity towards the n-type. The 
paper shows that at least part of this process has a long 
time constant (of the order of several hours). Because of 
the time required for the process to reach equilibrium 
has sometimes been called the ** 48-hour " effect, which » 
present in varying degrees in most commercial transistor 
lt shows up as a slow change in surface potential of the 
germanium surface, and therefore also in the current 
transfer ratio and the saturation current, when the trar 
sistor 1s brought from one temperature to another 
Evidence 1s presented to support the view that the 
chemical change of the surface responsible for the char 


oat 
in surface potential is a chemical condensation (hydra 
tion-dehydration) of the hydrous germanium oxide layer 
on the surface. In this process the oxide layer, wher ' 
jected to a reduction in relative humidity, gives off water 
slowly. Thus, new bonds, of the type Ge--Cic r 


formed, leading to a reduction in the solubility of the 
oxide 

A considerable amount of data cximts on the surfac 
traps, their number, energy levels, etc. However, before 
the chemical-physical nature of the traps m known, i | 
difficult to design surface characteristics for specific device 
requirements This paper points out the connection bx 
tween the chemical nature of an important species of slow 
traps and the resulting surface potential 

Some practical consequences of the effect described 


78 










if 
iio tei 1) 
MD Fianna | 
" Meeuabilh 


rnin 


eS i ul 








FI 


ALLOY STEELMAKERS FORGEMASTERS 


THOS FIRTH & JOHN BROWN LIMITEO 


A78 






HTH BROWN 


STEEL FOUNDERS * HEAVY ENGINEERS 





at 
CALDER 
HALL 








SHEFFIELD ENGLANO 


THE ENGINEERS’ DIGEST 

















are evident in the measurements of transistor character- 
istics. When a transistor has been removed from opera- 
tion at a temperature above the ambient, the character- 
istics of the transistor will drift until the change becomes 
imperceptible. This is especially true when life-testing 
transistors, an operation which is often carried out at 
close to the rated maximum temperature. If the time 
between removal of the transistor from the high tempera- 
ture and the subsequent measurement is not controlled, 
the measured values of current-transfer ratio and 
saturation current will show considerable spread, making 
rapid and reliable interpretation of trends difficult. 

Another easily overlooked consequence is that the 
initial measurements on the transistor before the life test 
and the subsequent measurements during life are not 
comparable, unless allowance is made for the 48-hour 
effect. If this effect is not taken into account, the subse- 
quent measurements of current-transfer ratio and satura- 
tion current will represent non-equilibrium values which 
are too high (or low). The usual drop in current-transfer 
ratio after the initial measurement, caused by progressive 
oxidation, is thereby masked, giving a false impression of 
stability. 

There are two possible ways of reducing the 48-hour 
effect, one of which is the meticulous removal of moisture 
from the encapsulation and the transistor, and heating the 
transistor for several hours at a temperature higher than 
the rated temperature. The other method is to employ a 
getter with a water retention which is higher than that of 
the germanium oxide layer, even at elevated temperatures. 
In a practical process, a combination of the two methods 
may offer advantages. 

As an interesting by-product of the results, the magni- 
tude of the 48-hour effect may offer an extremely sensitive 
and reliable method of testing the hermetic enclosure of 
transistors for leaks. In this application, the 48-hour 
effect is considerably more sensitive than the conventional 
method of waiting for the reverse current-voltage char- 
acteristic to deteriorate. 


Air Suspension for Road Vehicles. 

By J. H. Satinssury. (From a paper presented at a 
meeting of The Institution of Mechanical Engineers, 
London, February 11, 1958, 12 pages, 21 illustrations.) 

ALTHOUGH several patents have been granted since 1906 

for designs using air as a suspension medium for both 

passenger and commercial vehicles, it was not until the 
early 1930's that it was given serious consideration. In 

January 1936, the results of an investigation into the 

application of air springs to a passenger car were pub- 

lished. It is interesting to note that, in this instance, 
two-convolution springs were used as suspension units, 

and that the same type is currently in use in the U.S.A 

on long-distance passenger coaches. In this connection, 

two-convolution circular springs have the advantages of 
providing the most compact shape for a given volume 
and of lending themselves readily to mass production 

In addition, their circular shape makes it possible to 

maintain a uniform cross-section, which is considered 

desirable for good flexing life. 

It is only in recent years, however, that any enthu- 
siasm has been aroused in the automobile industry re- 
garding the application of air springs to vehicles, although 
experience in the U.S.A. over the past seven years, par- 
ticularly on long-distance coaches, seems to have estab- 
lished air springs as an improved method of suspension 

This paper presents a résumé of the course of develop- 
ment of air springs of the double-convoluted and rolling- 
lobe types. The theory of air-spring design is discussed 
and typical methods of installation are described. Pre- 
sent-day air springs are limited to a maximum pres- 
sure of 100 psi to cater for the maximum static load 
There are no minimum pressure requirements for a 
double-convolution bellows but, in order to obtain good 
flexing life and maximum spring response, the rolling- 
lobe type is generally limited to a minimum pressure of 
40 psi. In addition, the ancillary equipment for an air 
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suspension system is described, this consisting of com- 
pressor, storage tank, and levelling valves 

It is considered that the advantages of air suspension 
will eventually lead to its general adoption. With its 
introduction into passenger-car suspension, it is possible 
that tyres will be put to their correct use, i.¢., to provide 
traction. At the moment, pneumatic tyres also provide 
an important part of the suspension of the vehicle and 
are, in fact, themselves a type of air suspension. This is 
the main reason for operating pressures of about 24 psi 
With the introduction of air springs, it is possible that 
higher tyre pressures will be used. Another possible out- 
come of air-suspension systems in passenger cars is the 
additional use of the necessary air compressor for driving 
existing auxiliaries, ¢.g., windscreen-wipers. It is believed 
that a compressor with a capacity of about 0-5 cfm at a 
pressure of 120 psi will be suitable for the suspension 
system 


Extension of the Theory of the Optimum Burning Pro- 
gramme for the Level Flight of a Rocket-Powered 
Aircraft. 

By A. Miece. (From Journal of the Acronautical Sciences 
U.S.A., Vol. 24, No. 12, December 1957, pp. 874-884 
9 illustrations.) 

CONSIDERABLE attention has been devoted in recent years 

to the theory of optimum performance of aircraft and 

missiles. The classical quasi-sted@dy approach, widely 
used in the performance analysis of conventional aircraft 
has been frequently replaced by more modern and signi 
ficant methods which take into consideration the inertia 
terms 

In this paper, the optimum burning programme for 
the horizontal flight of a rocket-powered aircraft is 
analysed and discussed, and the results of previous 
theories are extended to cover the general problem of 
minimizing an arbitrary function of the final values of 
time, mass, distance, and velocity. By using the indirect 
methods of the calculus of variations, it is shown that 
the totality of extremal arcs is composed of zero-thrust 
sub-arcs, sub-arcs to be flown with maximum engine 
output, and variable-thrust sub-arcs. For the latter, a 
closed solution is obtained 
Particular problems, such as maximum range, maxi 
mum endurance, minimum propellant consumption, and 
maximum velocity increase, are treated within the general 
frame of the present theory for various types of boundary 
conditions 

Detailed attention is devoted to the thrust pro 
gramming which maximizes the range for the case where 
the overall flying time is prescribed. A method for con 
structing extremal paths is supplied under the assumption 
of a parabolic drag polar having cither constant co 
efficients or coefficients depending on the Mach number 

An important difficulty associated with the linear 
aspect of the present problem is constituted by the fact 
that the Legendre-Clebsch condition fails to yield any 
information on the minimum or maximum character of 
the Eulerian paths. Moreover, the Weierstrassian func 
tion is zero at all points of the variable-thrust sub-arc 

This difficulty is overcome with a generalization of «a 

previous method of the same author, based on the ux 

of Green's theorem 


Unsteady-State Heat Transfer to and from Gases in 
Laminar Flow. 

By T. D. Patten. (From an advance copy of a paper 
submitted to The Institution of Mechanical Engineers 
London, January 1958, 17 pages, 18 illustrations.) 

THE regenerative heat-cxchanger 1s a practical example of 

unsteady-state heat transfer, Heat is stored in a passage 

wall or a matrix, and this heat is transferred to air which 
enters the passage with a temperature which m constant 
or nearly so, with respect to time. Therefore, as the ai 
initially cold, passes through the passage, the air will be 
heated and the wall will be cooled. The temperatures of 
both substances at any one cross-section will vary con 
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tinuously with time and the process is therefore described 
as “ unsteady-state ”. There are two distinct operations 
in the regenerator, one in which the wall is heated by a 
supply of hot gas which is itself cooled, and that of the 
succeeding period, in which the wall is cooled, owing to 
the passage of cold air. These two separate phases may 
not, at first sight, be expected to posses; similar heat- 
transfer properties. 

Some experimental values of heat-transfer coefficient 
for the unsteady-state case and for square, triangular, and 
other non-circular cross-section passages have been ob- 
tained by various investigators. 

Because the circular cross-section is often considered 
as the fundamental passage in heat-transfer forced- 
convection work, it was decided to investigate this case. 
In this paper are described unsteady-state heat-transfer 
experiments in which a gas (air) flows vertically upwards 
in forced-convection laminar flow through a tube of cir- 
cular cross-section. By means of an analytical solution, 
experimental heat-transfer coefficients have been ob- 
tained. These results, when presented graphically, are 
compared with theoretical heat-transfer coefficients for 
steady-state heat-transfer predicted for the same physical 
arrangement and for prescribed conditions of tube-wall 
temperature. The works on which these steady-state heat- 
transfer coefficients are based are summarized, and 
experiments are described in which the apparatus is 
operated as a parallel-flow regenerative heat-exchanger, 
the unsteady-state heat-transfer coefficients obtained in 
this way being compared with those unsteady-state values 
for single-blow operation. 

Because of the magnitude of heat losses at lower 
values, the investigation has been confined to values of 
Reynolds number between 1000 and 2500. Within this 
range, at moderate temperature differences, the processes 
of heating and cooling of gases reveal similar heat- 
transfer properties. When the tube-wall temperature is 
either constant or has a uniform temperature gradient, it 
is shown that the Nusselt number is in agreement with 
that predicted for steady-state heat transfer for the same 
wall-temperature distribution. 

The investigation deals with single-cycle operation, in 
which the supply is either hot or cold, and with cyclic 
operation as a parallel flow regenerator. Heat-transfer 
coefficients obtained from the cyclic operation tests are of 
the same order as those from the single-blow tests. An 
analytical expression for the prediction of outlet tempera- 
tures, assuming a varying supply-inlet temperature and 
non-uniform initial wall temperature, is presented, and 
this expression is used in the calculation of the single-blow 
results obtained. 


Journal-Bearing Performance for Combinations of Steady, 
Fundamental, and Harmonic Components of Load. 

By G. S. A. SHAWkI!. (From an advance copy of a paper 
submitted to The Institution of Mechanical Engineers, 
London, January 1958, 11 pages, 17 illustrations.) 

THE research described in this paper has been planned and 

carried out to investigate the performance of a complete 

journal bearing for load waves composed of steady, 
fundamental, and harmonic components of load 

As described in this paper, the performance character- 
istics of the test bearing have been studied for some forty 
different modes of loading. Steady and transient whirls 
of the journal centre under approximate no-load condi- 
tions are obtained, and various damping influences on the 
journal oscillations are pointed out. The frequency of 
whirl is found to assume a value between 0°49 and 0:50 of 
the journal rotational frequency 

The fundamental! case of a unidirectional sinusoidal 
load is investigated in some detail. Test results show that 
the speed ratio @,/@ is a prime factor in the bearing 
behaviour, and that values of this ratio slightly less than 

0-5 give rise to critical changes in the bearing performance 

of a character mainly dependent on the ratio of the 

fundamental to steady components of load 
An interesting phenomenon starts to appear with low- 
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amplitude harmonics, i.e., the appearance of secondary 
critical changes in the performance at submultiples of the 
one-half speed ratio, i.¢., at @)/@ slightly less than 0-25, 
0-167, and 0-125 for second, third, and fourth superposed 
harmonic components of load 

For medium- and high-amplitude second and third 
harmonics, test results clearly show the existence of two 
distinct critical values of the speed ratio, the first corres 
ponding to the harmonic component, while the second 
corresponds to the fundamental component. With in- 
creasing values of the amplitude ratio, the first critical 
speed ratio becomes more and more significant, with 
relative changes in performance characteristics appearing 
of nearly the same order at the two critical ratios for 
medium amplitudes. An inverted situation is obtained 
with high-amplitude ratios 

The phenomena of journal centre whirl encountered 
in the tests are explained in the light of the theory of 
vibrations; results suggest that the behaviour of the bear 
ing vibrational system seems to be qualitatively similar to 
that of a linear system. In addition, the analysis is ex 
tended to include the case of a variable load on a uniform 
ly rotating journal 


Cavity Formation in lron Oxide. 

By D. W. Juenxer, R. A. Meussner, and C. E. Bir 
CHENALL. (From Corrosion, U.S.A., Vol. 14, No. 1 
January 1958, pp. 57-64, 14 illustrations.) 

AT temperatures above approximately 600 C, iron ts 

capable of forming three stable oxides, Le., wistite 

(FeO), magnetite (FesO,4), and hematite (FerOs). Wis 

tite, which has a stoichiometric deficit of iron throughout 

its broad composition range and is unstable at low tem 
peratures, ordinarily is the major constituent of the high 
temperature oxide scale. Detailed investigations of the 
growth mechanisms of the three phases and of the trans 
port characteristics of their components have been carried 
out by various investigators, and it appears that practic 
ally all of the material transport responsible for the 
growth of wistite, and probably of magnetite as well, is 
the self-diffusion of iron in the oxide lattice 

Some research activities by the present authors have 
been directed towards an improvement in the accuracy of 
determination of the rate of growth of magnetite on the 
lower oxide. In the course of this programme, attempts 
were made to grow suitable wistite specimens from pure 
iron by direct oxidation in an oxygen atmosphere. The 
occurrence of an unexpected set of phenomena at this 

Stage of the experiment has led to the study which is the 

subject of the present paper 

In general, the aim of this work is a Qualitative in 
vestigation of the oxidation of iron in pure oxygen at 
temperatures between 700 and 1000 ¢ Under thes 
conditions, all three oxide phases normally are present 

The progressive diminution of the iron core due to the 

outward migration through the oxide lattice results in 

stresses throughout the sample. Unless the oxide scale is 
sufficiently plastic to follow the recession of its iron foun 
dation, these stresses must be relieved by internal fracture 
of the oxide or by separation, at least locally, of the scale 
from the iron. The continued oxidation following the 
latter type of separation is the particular object of the 
present paper 

As described, a study has been made of the deep 
oxidation of iron at high temperatures and in an oxygen 
atmosphere Large cavities are always found in speci 
mens whose total oxygen content has been brought to 
that of FeO. The scale thickness of such specimens 
together with other evidence, implies that FeO is plastx 
in the temperature range in which it is stable, while one of 
both of the higher oxides is relatively rigid. Evidence is 
presented which indicates that iron m transported to its 
surrounding scale with little or no body diffusion path 
the mechanism involved is not identified. An expression 
analogous with the parabolic rate law for scaling of plane 
specimens, developed for application to cylindrical 
geometry 


bo 











dynamic 
technique 


Your organisation, however efficient, needs 

the driving-power of up-to-the-minute 
@ Volumes not in technical knowledge. Let SMITH’S supply 
stock can be obtained you with the books that you must have to 
for you, and we shall keep you fully in touch with the newest 
be pleased to supply engineering techniques and the latest 
a list of standard advances in research and _ operational 


| works on any subject. economy. 


| W. H. SMITH & SON 


HEAD OFFICE: STRAND HOUSE, LONDON, W.C.2 





BRANCHES THROUGHOUT ENGLAND AND WALES 















The Slydlock series of fuse units 

are vibration proof— which means they have 
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brake are of improved construction, with the flywheel 
mounted on a quill rigidly attached to the frame, re- 
moving flywheel load from the drive-shaft. The slide 
adjustment is motor-driven. 

The automatic circulating oil pressure lubrication 
system features double-micronic filtration to ensure 
cleaner oil, longer lubricant life, and less frequent oil 
changes. The sump, the oil-pump motor and pump, and 
the filters are all contained in the press bed, and all 
points are assured proper lubrication, faulty lubrication 
being guarded against by special safety switches 

All controls are built into the press frame for casy 
access and safety and for ** plug-in” installation. Con- 
trols for all auxiliary mechanical devices are provided 
and can be adjusted at floor level. Control features 
include die safety-blocks, adjustable control arms, re- 
cessed auxiliary power outlets, eight auxiliary air out- 
lets, a solenoid air valve for the flywheel brake, die-space 
lights, and compact air-pressure manifolding 


HIGH-SPEED AUTOMATIC PROCESSING 
EQUIPMENT FOR 16-MM FILMS 

Suitable for a wide range of industrial and other 
applications, such as high-speed motion pictures, oscillo- 
scope records, gun-camera and missile films, and tele- 
vision news films, where viewing of the film may be 
desirable as soon as possible after the recorded event has 
taken place, the new “ Mini-Rapid 16 automatic 
processing equipment for 16-mm films announced by the 
Fairchild Camera and Instrument Corporation, of 
Syasset, Long Island, N.Y. is capable of developing, 
fixing, and drying an ordinary 100-ft roll of black-and- 
white film ready for projection within 20 min after taking 
the picture. Weighing only 70 Ib dry and measuring 
27 12 13 in. high, the equipment is also suitable for 
airborne operations 

The major elements in the equipment are easily inter- 
changeable film-transport plastic inserts containing a 
high-speed developer, a rapid fixer, a hypo-climinating 
agent, and a static rinse, though provision has also been 
made, in the case of the latter, for the use of an accessory 
tank for circulating water. The resulting film is of com- 
mercial quality but a more permanent quality can easily 
be obtained by running the film through a second time, 
with the tanks filled only with water 
capacity in film length and longevity of chemical solu 
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A wide-range 


tions are also features of this equipment, and lengths as 
little as | ft or as much as 400 ft can be processed without 
the need to change or replenish the chemical! solutions 
Construction is of welded stainless steel, with an alumi 
nium rear housing. All chemical tanks, which each hold 
18 oz of liquid, are easily removable for cleaning and 
renewal of solutions. All compartments are accessible for 
cleaning and wiping by hand, and the unit can be placed 
on a table top for operation 

Manual operation of the unit begins with placing the 
exposed 16-mm film in the film compartment After 
insertion of the film into the entry port, with the emulsion 
side down, the film supply compartment is closed, and the 
film automatically threads itself through the equipment 
to the take-up compartment, corresponding to a length of 
about 80 in 

Rubber rollers on the plastic insert assembly serve a 
triple function, i.e., as drive rollers for film transport, as a 
means of agitation, and for squeegecing the exhausted 
solution back into the solution container, thus reducing 
solution carry-over from one tank to another. The rollers 
are on floating shafts retained against the driven centre 
drum by means of an elastic member. The film is guided 
in its path by grooves in the sides of the plastic inserts 
Once the film passes between the rubber rollers and the 
centre-drum it 1s automatically transported to the next 
rubber roller and on through each Insert. Drying of the 
film is effected by a high-velocity jet of heated air on the 
emulsion side of the film. The base side of the film is held 
against a driven fabric belt by means of the air blower 
which assists in the transport of the film on the drier 
Take-up is accomplished by attaching the leading edge of 
the processed film to a standard daylight-loading spo 
and dropping the spool into the take-up compartmer 
where it rides on a rubber-covered film spool whicl 
slightly over-driven. This method takes up the film firmly 
and ready for projection 





A variable-speed film-drive system makes it possibk 
to adjust the rate of processing for over and underexposed 
and or temperature variations, th 
processing rate being about 6fpm, with a maximum of 


normal complet 


10 fpm. The film may be checked for degree of develoy 
ment at the take-up spool and the speed adjusted “mn 
pensate for any errors in exposure. Thus, the control may 
be used to pre-select a specified degree of development 
when all the other factors are knowr 


COMBINED ELECTRONIC PRESSURE 
ATOR AND ENGINE ANALYSER 
Utilizing an clectrostatic principle for making pre 
cision dynamic measurements, the Kistler SLM engine 
indicator-analyser, introduced by the Kistler Instrument 
Corporation, of North Tonawanda, New York, is ce 
signed for efficient trouble shooting 
adjusting of modern high-speed, high-compression 
engines. (Cylinder, manifold, fucl-injection, and detona 
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Send for this free booklet to The Walpamur 


Co. Ltd., Darwen, Lancs. It tells you much 
about the uses of Epoxy Resin Paints in 
engineering and industry and can help you to 


solve your protective and finishing prob!ems. 
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e INSTRUMENTS 
: ELECTRONICS 
_ AUTOMATION 


16-25 APRIL 1958 OLYMPIA LONDON 


admission 2/6 
10 a.m.-6 p.m. daily (until 9 p.m. Fri. 18th & Wed. 23rd) 


You will be welcome at the 1958 Instruments, 
Electronics and Automation Exhibition. 


MORE THAN 250 BRITISH MANUFACTURERS will be showing 
the latest and most comprehensive range of 
exhibits. 





OVER 100 OVERSEAS EXHIBITORS will be displaying their 
achievements in the rapidly developing fields of 
instruments, electronics and automation. Note 
the date NOW. 





1.E.A.—the exhibition no progressive industrialist can 
afford to miss. 


1.E.A. Exhibition. Further information 
regarding both conference and exhibition will be 


A conference will be held throughout the period of the 
) gladly supplied by the organisers 


INDUSTRIAL EXHIBITIONS LIMITED 
9 ARGYLL STREET, LONDON, W.1 Tel: Gerrard 1622 
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tion pressures, combustion-pressure rates, engine vibra- 
tions, and crankshaft torsional vibration can be shown 
and accurately measured. In addition, this combined 
pressure indicator and analyser can be used to adjust 
timing and to check peak cylinder pressures, load dis- 
tribution, valve operation, pre-ignition, and knock. 





. 








The instrument makes use of a special Swiss-made 
quartz-crystal pressure-gauge which, when used with 
various accessories and adaptors, provides a visual dis- 
play of the required engine functions on a standard 
oscilloscope screen all components being simple, rugged, 
and well-suited to shop and field applications. When 
used to measure cylinder pressures, the pressure gauge is 
mounted in a modified spark-plug, in a special indicator 
port, or in place of the fuel injector, and will withstand 
combustion-gas temperatures up to 3200°F without 
special air or water cooling. A selector switch permits 
the choice of the signal from any one of sixteen pressure 
gauges or vibration pick-ups. As many as four signals 
can be superimposed on the screen, making possible, for 
example, the simultaneous display of peak pressures in 
four cylinders for load-balancing adjustment. 

In operation, as the crankshaft of the engine revolves, 
a dot moves horizontally across the oscilloscope screen 
at a constant speed. A signal from the pressure gauge 
causes the dot to move upward as well. Thus, the instan- 
taneous vertical position of the dot represents the pres- 
sure, and its instantaneous horizontal location represents 
the crankshaft position. With each complete revolution 
of the crankshaft, an electrical pulse is generated which 
causes the dot to return quickly to its starting position 
for the next journey across the screen. Pressure measure- 
ments are made by simply turning a dial reading directly 
in pounds per square inch pressure. By means of a 
piston displacement pick-up, the dot can be driven to 
move horizontally back and forth across the screen as 
the piston moves up and down. The pressure signal 
causes the dot to move up and down, resulting in a 
traditional indicator card or pressure-volume diagram. 
Any portion of an overall engine diagram can be mag- 
nified as much as a thousand times by simply switching 
the instrument to a more sensitive range, permitting 
detailed study of significant phenomena in the diagram, 
e.g., valve-opening and scavenging pressures. Pressure 
and vibration patterns for normal operations are gener- 
ally measured, photographed, and used as samples 
Subsequent deviations caused by faulty operation can 
be easily detected. 

Available in three models, i.ec., marine-industrial, 
automotive, and laboratory, the instrument includes an 
amplifier-calibrator, oscilloscope, and selector switch 
housed in a compact, portable case, as shown in the 
illustration, plus several high-precision pressure-gauges, 
pick-ups, and connecting cables. As requirements in- 
crease, this equipment can be expanded to include 


FEBRUARY, 1958 





Volume 19, No. 2 





adaptors and accessories most suitable for a particular 
application. The illustration also shows some of the 
range of pressure-gauges and pick-ups available, ic., 
(1) the PG-14 cylinder-pressure gauge, (2) the SA-14 
spark-plug adaptor with the PG-1I4 pressure gauge, (3) 
the PG-6 miniature engine-pressure gauge, (4) the SA-6 
spark-plug adaptor with the PG-6 pressure gauge, (5) 
the fuel-injection pressure gauge, (6) the vibration pick- 
up, and (7) the sync-pulse pick-up (magnetic, mechanical, 
or photo-electric type). 


PRECISION VACUUM OVEN 

The Gardiner precision vacuum oven, announced by 
Griffin & George Limited, of Alperton, Wembley, is a 
symmetrical vacuum drying oven of circular plan, with 
a large heat capacity and uniform temperature distribu- 
tion ; although originally designed for drying sugar 
syrups and molasses and for providing a standard refer 
ence method for determining the moisture content of 
sugar products, it can be used with many other materials 
particularly of a labile nature, whenever exact and re- 
producible results of experiments on drying losses are 
required. 

In the new oven, the sample is taken into solution and 
is distributed over an aluminium powder extender con 
tained in a sample dish. It is then heated in a vacuum 
while a current of air or inert gas, dried to a water con 
tent not exceeding 0-0007 milligram litre, is bled over its 
surface The air-bleed drying train comprises three 
6 = } in. glass U-tubes, filled with activated alumina, on 
the inner face of the door, and a glass tube, 9 2 in. in 
diameter, filled with barium oxide and positioned hori 
zontally in the case 





Measuring 174 
a cadmium-plated mild-stee!l heating block, 9 in. in dia 
meter by 14 in. thick, heated by twelve refractory heating 
clements, inserted radially and penetrating to near the 


17 124 in., the oven is fitted with 


centre. The block also has two annular grooves, one for 
locating an O-ring seal, and the other for accommodating 
six shallow sample dishes, each 2 in. in diameter, Pockets 
are provided for a thermometer and thermostat, Around 
the perimeter are six air entry ports, connected to a 
tubular distribution ring, the ports being inclined at 
45 deg. to project the air up against the oven lid imme 
diately above the sample dishes, whence it passes con 
tinuously over the surface of the sample and then through 
exit ducts in the lid into a metal desiccator. Two-heat 
switching permits 70- or 160-W loads to be selected, with 
symmetrical heat distribution in both cases. The ai flow 
to the chamber can be controlled and measured between 
05 and 100 millilitres/min by means of a soap-film 
flowmeter 

The control panel is mounted on one side of the case 
and contains the air and vacuum control valves, vacuum 
gauge, control switches, fuses, and mains and thermo 
stat indicating lights 
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Illustrating the extreme hardness of 
SINTOX Industrial Ceramic, the photo- 
graph on the right shows a 34” dia. tube of 
SINTOX which, without even chipping, 
a forced through }” thick mild steel 
plate. 


SE eee & IN ENGINEERING 


SINTOX MECHANICAL APPLICATIONS. 
The many mechanical applications of SINTOX 
industrial ceramic will be of immense interest to the 
designer and mechanical engineer. The remarkable 
resistance to abrasion of SINTOX makes it 
particularly suitable for such uses as inserts and 
supports at points where rapid wear presents a 
problem. Already it has made a name for itself in 
the Textile industry, where the advent of artificial 
fibres brought entirely new problems. Thread 
guides made of SINTOX have been proved to have 
up to a hundred times the life of those made 

of hardened steel. 








SINTOX TECHNICAL ADVISORY SERVICE 


This service is freely available, without obligation, to those 
requiring technical advice on the application of Sintox 
Industrial Ceramics. Please write for booklet or any infor- 
mation required enclosing blue print if available 


SINTOX IS MANUFACTURED BY LODGE PLUGS LTD., RUGBY. 















































More than 100 years experience goes into the 
manufacture of CHATWIN tools. They are recognised 








the World over as the best obtainable; the name alone is a 
guarantee of accuracy. 


CHATWIN SMALL TOOLS 


Chaser and Receder Die Stocks - Stillson Pattern Wrenches + Clyburn Spanners 
Pipe Unions ~- Thread Milling Cutters - Flat and Circular Chasers - Gear Cutters 
Form Tools and other Screwing Tools, Screwing Machines and The Polygon Box 
Write for a copy of Chatwin’s Special Tools Catalogue 


THOMAS CHATWIN & CO. 


VICTORIA WORKS, GT. TINDAL STREET 
BIRMINGHAM I6. Tel: Edgbaston 352! 
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_NEWS OF THE MONTH 


. 





PERSONAL 


Edgar Allan & Co. Ltd. announce the appointment, 
as from January Ist, 1958, of Dr. A. D. Merriman, G.C., 
O.B.E., D.L., M.A., M.Ed., D.Se., C.I.Mech.E., 
F.R.S.E., formerly Secretary of the Institution of Metal- 
lurgists, as Consultant on scientific projects. 





Mr. Spence Sanders has resigned the chairmanship of 
the Fulmer Research Institute on his retirement from the 
board of directors of Almin Ltd. His place as chairman 
has been taken by Mr. W. R. Merton. Mr. J. G. Graham 
has been appointed to the board of directors. 


Mr. A. D. Zemenides, B.Sc. (Eng.), formerly with 
G.E.C. Coventry, has been appointed technical manager 
of G. A. Stanley Palmer Limited, of London, W.C.2. 


Mr. J. A. C. Williams, M.Sc., A.M.I.Mech.E., 
A.F.R.Ae.S., A.B.Ps.S., has been appointed principal 
of the College of Aeronautical and Automobile Engineer- 
ing, Chelsea. 


Mr. K. G. Lampson, Lt-Col. P. F. Benton Jones, and 
Lt-Commander G. W. Wells have been appointed direc- 
tors of Steel, Peech and Tozer and Workington Iron and 
Steel Company, two branches of The United Steel Com- 
panies, Limited. Lt-Col. Benton Jones has also been 
appointed a director of the Beckermet Mining Company, 
Limited. 


Mr. J. Driscoll has been appointed sales manager, and 
Mr. F. V. M. Morgan contracts manager, of the English 
Electric Company's Diesel Engine Division at Browns- 
over Hall, Rugby. 


Mr. David H. Bramley, M.1.Mech.E., head of the 
Department of Industrial Administration at the College 
of Technology, Birmingham, has joined the board of 
Geo. Salter & Co., Ltd., of West Bromwich. 


Mr. A. F. Appleton, formerly head of the Electronics 
and Vibration Laboratory of Bristol Aircraft Ltd., has 
taken up an appointment as chief engineer with Benson- 
Lehner (G.B.) Ltd., of Southampton. 


Mr. R. J. Kingsnorth, M.1.E.E., A.M.I.Mech.E., 
has recently been appointed manager of the Process 
Control Division of Elliott Brothers (London) Limited, a 
member of the Elliott-Automation Group 


Mr. T. E. Potts has been appointed a managing 
director of the British Oxygen Company Limited. 


Mr. A. H. Shaw, M.B.E., traction-battery sales 
manager of Crompton Parkinson Ltd., has been ap- 
pointed to the Executive and Finance Committee of the 
Electric Vehicle Association of Great Britain. 


Mr. G. E. Liardet becomes chairman and managing 
director of the recently formed Simms Motor & Elec- 
tronics Corporation Limited and relinquishes his position 
as managing director of Simms Motor Units Limited, 
though retaining the chairmanship of the board. In turn, 
Mr. J. Ayres is appointed managing director of Simms 
Motor Units Limited. 


Dowty Group Limited announce the appointment of 
Mr. S. Hinchliff to the board of Dowty Seals Limited; 
Mr. Hinchliff is also production manager 
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Mr. W. Dalziel, production manager of the Electronic 
and Equipment group, and Mr. H. Fox Wright, contract 
manager, have been appointed executive directors of The 
Plessey Co. Ltd., of Ilford, Essex 


Mr. D. L. Campbell has been appointed managing 
director (sales) of the Metallurgical Equipment Export 
Company Ltd., of London, S.W.1, a consortium of 
leading companies engaged in the manufacture of steel 
works plant 


Mr. P. K. Hart has been appointed to the board of 
Qualters & Smith Bros. Ltd., and Mr. J. Dunkerley to the 
board of Henry Broadbent Lid. Both these companies 
are subsidiaries of Kerry's (Great Britain) Lid. 


Mr. W. E. Wright, F.C.S. retired on December 31st 
1957, from the board of directors of the Pyrene Company 
Limited and from control of the Metal Finishing Divi 
sion. Mr. H. F. Parshall, M.A,, T.D., who has been on 
the board of the company since 1947, now takes over 
board responsibility for the Metal Finishing Division 


Mr. J. Allan Perham, who has been Sales Director of 
the Atlas Copco Group for the past two years, has been 
appointed Resident Director of the Atlas Copco com 
panies in the U.S.A. Based at New York, he will be 
responsible primarily for the co-ordination of the 
group's sales programme in the United States. Mr. Erik 
Johnsson succeeds Mr. Perham as Sales Director. He was 
appointed Managing Director of Atlas Copco (Great 
Britain) Ltd. in 1949, when he was responsible for intro 
ducing the ** Swedish Method " into the U.K 


Mr. A. J. Beanland, B.Sc.Tech., M.1.E.E., A.M.1.- 
Prod.E., Fellow A.M.E.M.E., has been appointed Group 
Sales Director of the Lancashire Dynamo Group. Mr. 
Beanland, who will be a director of Lancashire Dynamo 
Group Sales Lid., will be in charge of Group Sales 
organization both in the U.K. and overseas 


Mr. J. W. MacMahon has been appointed general 
manager of the Industrial Lubricants Division of Wake 
field-Dick Industrial Oils Lid., in succession to Mr. R. 
J. Turner, who has retired. Mr. MacMahon has also 
been appointed to the board of directors of the company 
Mr. C. R. Woodfield, works production manager for the 
Wakefield Group, has also joined the Wakeficld-Dick 
board 





Lt. COLONEL F. W. FOSTER, M.C., A.M.LE.E. 





It is with regret that we announce the death of La, 
Colonel F. W. Foster, M.C., A.M.1L.E.E., at the age of 82 
at his home in Marple, Cheshire. Colonel Foster, who 
was a noted member of the electrical industry, joined 
George Ellison Limited in 1924 and was for twenty years 
manager of their Manchester and District Sales Office 
after which he served the Head Office in a consultative 
capacity, retiring in 1947 





MR. C. SLYMON | 





We regret to announce the sudden death, on January 
18, 1958, of Mr. C. Stymon, sales manager of the Friction 
Materials (Automotive) Division of Small & Parkes Lid 
of Manchester 


SILICONE RUBBERS 
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BUSINESS NOTES 

The rapid expansion of the company’s activities over- 
seas has made it necessary for Evershed & Vignoles 
Limited to open a branch office at 142 Rue Gallait, 
Brussels, Belgium. This office, to be opened on April 1, 
1958, will be under the management of Mr. C. Samyn, 
who has for a number of years handled the company’s 
products in Belgium. The whole range of electrical 
instruments, and instrumentation and control equipment 
will be made available through this office to Belgium, the 
Belgian Congo, and Luxemburg. 


Rhodes, Brydon & Youatt Ltd., of Stockport, Cheshire, 
centrifugal-pump manufacturers, have acquired the whole 
issued share capital of Furnival & Co. Ltd., of Reddish, 
Stockport, who specialize in the manufacture of machin- 
ery for the printing and allied industries. 


At the annual general meeting of Central Tool & 
Equipment Co., Ltd., it was decided to shorten the name 
of the company, with effect from January 1958, to 
Centec Machine Tools Ltd. There will be no change insofar 
as the management or control of the company or its pro- 
ducts is concerned. 


The first full-scale production unit in India to special- 
ize in the field of compressed air will be operated by the 
Consolidated Pneumatic Tool Company India (Private) 
Limited, a subsidiary of the Consolidated Pneumatic Tool 
Co. Ltd., of London. Equipment for the new factory, 
which will be located at Muland, near Bombay, and 
which is expected to be completed about the middle of 
this year, will comprise the latest types of machine tools, 
together with an extensive range of inspection and test 
equipment. 


Schlegel regenerators for re-refining used oils, manu- 
factured in Germany by Schlegel Brothers, of Stuttgart, 
are now available in the U.K. and Eire from Liquid 
Systems Ltd., Norwich Union House, Wellesley Road, 
Croydon. These regenerators, which combine distillation, 
adsorption, and filtration, operate on a physical-chemical 
principle, and can also be used for petrol, kerosene, 
turpentine, nitro-solvents, trichlorethylene, etc. 


Following the recent acquisition by Simms Motor 
Units Ltd. of the Motor & Electronics Corporation, con- 
siderable changes are proposed in the structure of the 
group, which now consists of fourteen operating com- 
panies and one associated company. A diversity of 
interests is covered, including fuel-injection equipment, 
electrical apparatus, turbochargers, general engineering, 
ventilating and heating, plastics, oil burners, domestic 
products, electronic components, switch-gear, radio, 
television and radar accessories, and vacuum ware 

At an extraordinary general meeting of shareholders 
held on December 31, 1957, approval was given to change 
the name of Simms Motor Units Ltd. to Simms Motor 
and Electronics Corporation Limited, which becomes a 
holding company and will be responsible for co-ordinat- 
ing the activities of the operating companies and the 
general planning and supervision of group policy 

Simms Motor Units Ltd. is now one of the eight 
operating companies comprising the Simms Group, the 
other companies in the group being Horstmann Ltd., 
Hadrill & Horstmann Ltd., Industrial Fan & Heater Co 
Ltd., Simplus Products Ltd., Clearex Products Ltd 
R. F. Landon & Partners Ltd., and Mono-Cam Ltd 

The Motor & Electronics Corporation Ltd. group of 
companies will consist of M.E.C. Ltd., N.S.F. Ltd., 
British Vacuum Flask Co. Litd., Remax Ltd., Lester 
Plastics Ltd., A. R. Parsons & Co. Ltd., and Thompson 
Manufacturing Co. Ltd. 

Each operating company will be autonomous and will 
retain its representatives of the parent company on the 
board. 
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Durham Raw Materials Limited, of | 4 Great Tower 
Street, London, E.C.3, and J. M. Huber Limited, of 6 
Great Winchester Street, London, E.C.2, announce that, 
as from January 1, 1958, Durham Raw Materials 
Limited have been appointed distributors in the United 
Kingdom of materials manufactured by the J. M. Huber 
Corporation, 100 Park Avenue, New York 17. In addition 
to their carbon blacks, these materials include ** Zeolex ” 
(an aluminium silicate reinforcing agent), “* Turgum S ", 
* Butac”, and “* Nutac , which are rubber rosins with 
specific uses, ** Actone *’, (an activator/accelerator), and a 
range of hard clays of which there are no British equiva 
lents. J. M. Huber Limited will process all orders already 
received and contracted for, but Durham Raw Materials 
Limited will deal with all those placed subsequent to 
January |, 1958. 


The Olin Mathieson Chemical Corporation and the 
Cuno Engineering Corporation have announced thei 
association in a jointly owned company, the Olin Cuno 
Filter Corporation, U.S.A., for the manufacture and sale 
of * Micro-Klean ™ filters outside the United States. It 
is stated that the decision to create the new company 
follows extensive surveys of the European economy 
which has indicated a widespread need for industrial 
filters of this type 


An agreement has been signed between Elliott 
Brothers (London) Ltd., of Lewisham, and the Holtzer 
Cabot Motor Division of the National Pneumatic Co. 
Inc., of Boston, Mass., for the manufacture of many of 
the Holtzer-Cabot instrument motors in the Elhott 
Brothers factory in England. The motors to be manu 
factured, to meet the special requirements of European 
and British markets, are of the precision electric servo 








motor type for strip recording instruments, timing 
devices, and electronic control systems 
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FLOW 
INDICATOR 
Type V.F. 


.. with the adjustable 
flow range — easily set 
for high or low rates of 


flow. 


A simple but reliable indicator which shows at a glance whether flow is taking 
place. The liquid, as it passes, spins a chromium plated ring under a glass dome. 
If the flow stops, the ring stops spinning and warns you the liquid is not cir- 
culating. The movement is so decided that it can be clearly seen from a distance, 
even in a bad light—no peering into dark corners or climbing into awkward 
positions. 

Write for leaflet AFI/24. 


WALKER, CROSWELLER & CO. LTD., CHELTENHAM 


Telephone : CHELTENHAM 56317 
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Effective from January 1, 1958, Birfield Industries 
Limited, Sales Organization of the Birfield Group, 
announces the formation of a new division, to be known 
as Engineering Division. Its task will be that of co- 
ordinating the selling activities of the Birfield Group in 
conjunction with the existing Automotive, Railway, and 
Aviation Divisions of Birfield Industries Limited, and 
at the same time bringing to customers in the general 
engineering field the benefits of having at their disposal 
the collective knowledge and combined resources of the 
whole Birfield Group of manufacturing companies, 
numbering more than twenty in all. 


The Electric Cable Makers’ Federation, of Dickens 
House, 15 Took’s Court, London, E.C.4, held its in- 
augaral meeting on January 7, 1958. The Federation, 
whose initial membership comprises about forty British 
cablemakers, i.e., almost the whole of the industry, has 
come into being through a strong and widespread desire 
on the part of cablemakers to establish a body to act as a 
forum at which problems of the industry and matters of 
common interest can be discussed on the widest basis. 
The Federation will not be concerned in any way with 
price fixing or any other related activities, nor will it re- 
place the existing Cable Makers’ Association, Independent 
Cable Makers’ Association, and other similar trade 
associations. 

Mr. F. Waine, J.P., director of British Insulated Cal- 
lender’s Cables Ltd., and Mr. S. Geipel, chairman of 
William Geipel Ltd., were elected president and vice- 
president respectively. The first meeting was necessarily 
devoted to constitutional matters, but it is expected that 
the work envisaged will be quickly commenced through 
its elected committees, to the general advancement of the 
British cablemaking industry. 


Sanders & Forster Ltd., of London, one of the Cham- 
berlain Group of companies, are establishing a Caribbean 
office at 31 Charlotte Street, Port of Spain, Trinidad 
The new office will work in close association with Lee 
Lum Ltd., the company’s main Trinidad agents, and will 
concentrate on developing the sales of their range of 
standard buildings and specially made structures through- 
out the entire Caribbean area, including the Eastern sea- 
board of the U.S.A. and the Northern countries in South 
America. 


Drummond-Asquith (Sales) Limited, of London, 
W.C.2, announce that they have secured the sole agency 
and engineering representation of Ruhrstahl, A.G., of 
Henrichshutte, Hattingen-Ruhr Specialist engineers 
will be available for consultation in the main industrial 
centres, and a new division, to be known as the Ruhrstah! 
Division, will operate from the company’s London 
headquarters. 

CONTRACTS 

Orders for rolling-mill equipment to the value of 
about £4 million have been placed with Davy and United 
Engineering Company Ltd., of Sheffield, by South Durham 
Steel & Iron Co. Ltd., as part of their newly announced 
expansion programme to increase plate production. The 
plant includes two 150-in. wide 4-high rolling mills, each 
mill being driven by twin 4500-hp motors, giving rolling 
speeds up to 1020 fpm. These mills will be capable of 
producing high-quality steel plate up to 136-in. finished 
width, as used by the shipbuilding and engincering indus- 
tries, and output will reach 1000 tons per eight-hour 
shift. The contract includes a wide range of ancillary 
equipment. 

In addition, Davy-United will build a hydraulic hot 
slab shear with a power of 2750 tons, capable of cutting 
slabs of hot steel up to 18 in. thick and 18 tons in weight 
Davy-United will also engineer and co-ordinate the sup- 
ply and installation of some 8000 tons of plate-shcaring 
and finishing machinery. To assist overall delivery of the 
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whole plant, this equipment will be manufactured by 
Vickers-Armstrongs (Engineers) Ltd., at their Elswick 
Works, Newcastle-on-Tyne, under Davy-United’s engi- 
neering supervision. An arrangement now exists between 
these two companies whereby, in suitable cases, available 
capacity for steelworks plant can be increased in this way 


Materials Handling Equipment (Great Britain) Limited, 
of London, W.1., announce that they have received from 
the Indian Government Purchasing Mission a contract 
for the supply of a number of * Irion ™ side-operating fork 
lift carriers of 3 tons and § tons capacity, fer use in the 
Port of Calcutta. Similar equipment is already in use by 
the Ports of Basrah, Bangkok, Bordeaux, Hamburg, and 
Singapore, and by the Ports and Harbours Administra 
tion of the South African Railways 


Wild-Barfield Electric Furnaces Ltd. are now building a 
40-kW high-frequency induction-heating generator for 
delivery to Russia. This unit, which has been ordered by 
Machinoimport, Moscow, is a standard generator in 
corporating the full range output power control and unit 
built sub-assemblies 
5] 58} -in 

The ordet also covers a high-temperature furnace 
model HTP 5, one of a range of standard Wild-Barfield 
high-temperature furnaces with normal operating ten 
peratures from 1100 C to 1350 ¢ 

In addition, Wild-Barficld are completing the man 
facture of a 25-kW induction-heating generator, together 
with a number of fixtures, for use in an automobile fac 
tory in Yugoslavia 


It occupies a floor space of only 


Crompton Parkinson Ltd. have secured an order from 
the U.S.A. for six power transformers valued at upward 
of $200,000. These transformers are of 8687 kVA eacl 
single-phase for 115-kV service voltage ‘ 


and are to be 
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SENTINEL UNIT MACHINES 
incorporating the Renault- 
France system electro- 
mechanical heads. 

Built for—Drilling, Boring, 
Facing and Chamfering. 8 
different types of Manifolds 
(see inset). Two manifolds are 
loaded, pneumatically located 
and clamped. 

Press a button to start—and 
in less than 30 seconds the 
machining cycle is completed! 


AN EXAMPLE OF 
FLEXIBILITY 


This Unit Machine comprises a 

3 ft. Dry Base, and an EMH 
10 with Boring, Facing and 
Chamfering Tools. 

3 way Centre Base. 

4 ft. Dry Base, and an EMH 
10 with Boring, Facing and 
Chamfering Tools. 

Bridge Column, and an EMH 

20 with a !2 multi-spindle 

head. 






Sentinel Unit Machines are built up from standard bases (with enclosed switchgear) and rotary 
tables, all of which have machined mating faces for assembly into varied combinations of units. 


SENTINEL (SHREWSBURY) LTD SHREWSBURY ENGLAND 


Telephone: SHREWSBURY 2011 Telograms: “SENTNOLL SHREWSBURY” London Office: 15 CONDUIT STREET LONDON W.1. Telephone: MAYFAIR 2675 
P4108 
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employed in the Fremont Canyon Power Project in 
Wyoming. The Company won this order in the face of 
strong competition from some twelve other manufac- 
turers, six of them in America and the others in 
Austria, Italy, and Switzerland, as well as in Britain. 


Hayward Tyler, members of the Platt Brothers group, 
have received an order for 48 glandless circulating pumps, 
to be incorporated in the heat-exchanger circuits of 
Hinkley Point nuclear power station. These pumps are 
similar to those on order for Berkeley, Bradwell, and 
Hunterston nuclear power stations. The approximate 
value of the contract is £125,000. 


Hunt & Mitton Ltd., of Birmingham, announce that 
they have received a large contract for the supply of 
high-pressure valves for a new automatic rubber- 
moulding plant in Russia. The machinery to be used in 
this new factory is to be put up by a consortium of 
British companies and the valves will handle steam, high- 
pressure hot water, and hydraulic fluids on a complicated 
automatic and manual circuit. The value of the order 
amounts to approximately £150,000. 


ACCIDENTS TO PERSONNEL FROM 
AUTOMATIC MACHINERY 

In the current issue of Accidents (Vol. 34, January 
1958), issued by the Ministry of Labour and National 
Service, special attention is given to accidents which have 
actually occurred in connection with automatic machin- 
ery and processes, including electrical equipment, trans- 
mission machinery, machine tools, conveyors and 
elevators, cranes, sand mills, transfer machines, process 
machinery, fires and explosions, and building and con- 
structional work. 

This interesting and timely booklet of 32 pages 
(H.M. Stationery Office, price 1/3) points out that, for 
accident prevention, automatic machinery requires that 


the techniques employed and the assignment of tasks to 
individuals must be specially considered from the point 
of view of a safe system of working, the prevention of 
unexpected starting up of machinery being one of the 
particular problems. 

Based on actual “ case-histories " of accidents, the 
book is graphically (and often grimly) illustrated, and 
acts as a forceful reminder that industrial accidents 
account each year for about 700 killed and 180,000 
injured, and that every day some 60,000 employees are 
absent from work as a result of industrial injuries 


COURSE ON CASE STUDIES IN QUALITY 
CONTROL 

The Production Engineering Department of the 
College of Technology, Birmingham, is offering a course 
on Case Studies in Quality Control. The course, which 
commenced on February 4, consists of eight weekly 
lectures by specialists from various branches of industry 
and is designed for personnel whose responsibility is the 
quality function within their own works and who would 
therefore already possess some knowledge of the funda 
mentals of inspection and the control of quality 

The course is planned to include not only quality 
aspects of engineering products, but also those in relation 
to food production and clothing manufacture, and the 
lectures will generally be along the lines of (1) a statement 
of the nature of the problem and its industrial setting, (2) 
the method of approach to the problem, and (3) the re 
sults obtained and subsequent course of action, each 
company contributing a case study typical of its opera 
tions 

In this way, members of the course will be able to see 
the application of quality-control methods to industrial 
problems outside their own particular field, but which 
may nevertheless cover a certain amount of common 
ground, thereby assisting them with their own problems 
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account the two variable parameters of 


VISCOSITY & DENSITY 
and thus MEASURE 
with the highest de- 
gree of accuracy both 
the VOLUME and 
the WEIGHT of all 
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R M 64-4 (non-automatic) 





DM 64-4 (automatic) 





Ets FAURE-HERMAN 


BOULOGNE - sur - SEINE 


68, rue de |’Est 





Seine - FRANCE 











FEBRUARY, 1958 Volume 19, No. 2 





87 








An announcement to those concerned with 
corrosion of metal surfaces 


In 1929 the National Physical Laboratory established that Lanolin was by far the best natural film- 
forming anti-corrosive available. At that time Croda had been manufacturing Lanolin for four years 
and was already producing Rust Preventive Oils based on Lanolin. 


Since then enormous advances have been made both in the consumption of anti-corrosives and in the 
variety and complexity of these products. The research and development conducted by Croda has con- 
tributed considerably to this progress. 


The list of Rust Preventive Oils and Coatings and allied preparations produced by Croda’s Organic 
Finishes Division is so large that we propose only to list headings and groups of products : 


Anti-corrosive paints 
Anti-freeze solutions 
Bituminous solutions 
Brake fluids 
Corrosion inhibitors 
Chrome protectives 
Cutting oils 

Coolant soluble oils 
Carton waxes 
Drawing oils 
De-watering oils 
De-icing fluids 
De-greasing fluids 
Emulsion degreasers 
Fingerprint removers 


Greases, special 

Grease paints 

Lanolin solutions 

Metal marking inks 
Penetrating oils 

Plastic coatings 
Paint-tolerant rust preventives 
Rust removers 

Rust preventives, oily 

Rust preventives, grease 
Rust preventives, hard film 
Sheet-steel coating oils 
Soldering flux 

Wash primers 

Weld marking inks 


In addition to this large standard range, the skilled staff of our laboratories is always ready to 
create new preparations for individual requirements. 


Fourteen area representatives and four sales offices in the U.K. are at your service. In the inter- 
national sphere, our associate companies in U.S.A. and Italy and our offices and agents else- 
where, ensure rapid delivery to anywhere in the world. 


The Groda Organisation 


HEAD OFFICE: Croda Ltd., Cowick Hall, Snaith, Goole, Yorkshire, England Tel : Snaith 277 
LONDON OFFICE : Croda Ltd., Grand Buildings, Trafalgar Square, London, W.C.2 Tel : Whitehall 4275 
BIRMINGHAM : L. G. Warren, Local Director, 22 Alderbrook Road, Solihull, Warwickshire. Tel : Solihull 1976 
MANCHESTER : T. C. Jackson, Local Director, Croda Ltd., 74 Corporation Street, Manchester 4 Tel : Blackfriars 8015 
BRADFORD : Croda Ltd., Central Chambers, 2 Cheapside, Bradford Tel : Bradford 22719 
UNITED STATES: Croda Inc., 15 E. 26th Street, New York, N.Y., U.S.A. Tel : Mu 3-3089 
ITALY : Croda Italiana S.r.L., via Lomellina n. 5, MORTARA (Pavia), Italy. Tel : Mortara 4 


CRODA OFFICES AND AGENTS INALL PRINCIPALCITIES IN THE WORLD 
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GUIDE TO THE ASSESSMENT OF 
SURFACE TEXTURE 

In continuation of the series of ** Codes of Practice ”’, 
the Ministry of Defence has issued a new publication 
entitled ** A Guide to the Assessment of Surface Tex- 
ture *’ (H.M. Stationery Office, 3s.). The object of this 
guide, which is based on B.S. 1134: 1950, is to make 
available to designers, producers, and inspectors the 
essential information necessary for using up-to-date tech- 
niques on surface-finish assessment in an intelligent and 
practical manner. 


IMPROVED ABRASIVE WHEELS 

Consequent on the increasing popularity of coated- 
abrasive techniques in the metal and woodworking 
industries, an improved and cheaper 3M PG abrasive 
wheel is announced by the Minnesota Mining & Manufac- 
turing Co. Ltd., of Wigmore Street, London, W.1, who 
have introduced for the purpose automatic methods of 
production at their Birmingham factory. Substantial 
reductions in polishing costs have already been claimed 
for the PG wheel, but even greater savings are now fore- 
cast for the improved version, while prices are down in 
some cases by as much as 50”,,. 

The wheel consists of numerous die-cut, cloth-backed 
coated-abrasive segments locked in a hub, and is available 
in sizes ranging from 6 to 16 in. in diameter, and from | 
to 6 in. in width. The wheel is self-conforming to the 
shape of any article being polished, and retains this shape 
throughout its working life, exposing fresh grain as it 
wears. In this way, it eliminates costly down-time for 
wheel exchange and re-dressing. 


NEW 98°,, VANADIUM OXIDE 

A new 98°,, vanadium oxide has been added to the 
extensive list of alloys and metals available from the 
Alloys Division of Union Carbide Limited, 103 Mount 
Street, London, W.1. The new grade represents a marked 
improvement over former grades, which average 86-89", 
vanadium oxide. The reduction of alkali oxide content 
to not more than 2°,, is important to furnace operations 
because of the appreciable elimination of fume hazards 
caused by these oxides. 

The material also offers advantages in reduced sul- 
phur content, silica content, and other contaminants 
which have a direct bearing on the production of high- 
quality vanadium steels. 98°,, vanadium oxide is now 
available either in a dense fused form suitable for direct 
addition to an alloy furnace, or in granular form. 


IRANIAN OIL PROSPECTS 

The future of the Iranian oil industry and the part 
which Britain can play in developing the country's 
potential oil resources was the theme of a speech made in 
London on January 15th, 1958, by Mr. Hector D. 
Walker (Constructors John Brown), at a luncheon of the 
Council of British Manufacturers of Petroleum Equip- 
ment, at the Dorchester Hotel. 

In his opening remarks Mr. Walker gave some indica- 
tion of the very large sums of money to be spent in Iran 
in developing its oil resources and, in this respect, made 
some suggestions with regard to the efforts that should be 
made to obtain the contracts for such work by U.K. com- 
panies. He said that what was required was that British 
ability had to be sold with goodwill and with an under- 
standing of the other person's point of view. He stressed 
the importance of not separating the humanities from 
technology, and that the extent of the goodwill we en- 
gendered was a measure of our knowledge of the humani- 
ties. He was convinced that, unless we went into a 
country with this point of view well established in our 
minds, we would never achieve that ultimate success for 
our endeavours which was so essential to the well-being 
of Great Britain. 

In describing the future of the oil industry in Iran, 
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Mr. Walker said that there was no doubt that, with het 
oil and natural resources, fortified by the revenues de- 
rived from the sale of oil to the world, we should see an 
oil and industrial development of increasing magnitude, 
in which it was up to us to play our part in selling our 
specialist ** know-how “ and materials, and in this con- 
nection the forthcoming Chemical and Petroleum Engin- 
eering Exhibition was of the greatest importance 


TURBO-ALTERNATOR AT NATIONAI 
PHYSICAL LABORATORY 

A G.E.C. 650-kW geared turbo-alternator set has 
recently been installed at the National Physical Labora 
tory, Teddington, as part of an integrated scheme for 
supplying the heating requirements of the laboratories, 
and at the same time economically augmenting the elec 
tricity authority's supply to the site. The usual method of 
operating the set is in parallel with the South Eastern 
Electricity Board's supply, but provision is made for 
independent working, so that in an emergency the essential 
services of the laboratory can be maintained 

The turbine, with inlet steam conditions of 210 psi at 
540°F, is designed for back-pressure operation, exhaust 
Steam at 40 psi being desuperheated and delivered to 
calorifiers for central-heating purposes. So as to ensure 
that the heating requirements can be met under al! con 
ditions of electrical load, a by-pass line with a reducing 
valve and desuperheater is fitted, so that additional steam 
for space heating can be supplied (via the reducing valve) 
should the back-pressure of the turbine fall to | psi below 
the normal value. 

When the set is synchronized with the grid, the back 
pressure is maintained at a constant value by a pressure 
regulator, the electrical output varying according to the 
demand for heating steam. It is also possible to run the 
turbine under speed-governing conditions when isolated 
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You make the wisest choice when you decide 
on a GEAR PUMP by Rotherhams the name 
is your guarantee of the built-in qualities you 
must have for the efficient year-in, year-out 
dependability that spells trouble-free performance. 


Full information on Rotherham products, including the 
following, are yours for the asking 

Time Lags, Instruments, Recording Clocks, Proves 
Timers, Pressure Gauge Movements, Small parts for 
Engineering, such as Taps, Oil and Grease Cums, Ol 
Indicators, Unions, Nipples and Olives 


OF COVEN m§ 
Rotherham & Sons Ltd., Coventry 


Telephone: 64154 
PRECISION MANUFACTURERS SINCE 1750 








CENTRE 
My 8S! LATHES 


The most popular of the Crowthorn range, these 
lathes include in their specification a robust vee type 
bed, timkenised headstock with large hollow spindle, 
quick change gearbox and multi position four way 
toolpost. A hexagon turret is available for either 
Herbert or Ward tooling equipment. 


Please urite for detailed literature. 
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from the grid, with the back-pressure correctly main- 
tained by high-pressure steam supplied through the 
reducing valve. 

The alternator, driven through 7000/1500 rpm speed- 
reducing gears, manufactured by the David Brown Cor- 
poration Ltd., is rated at 650-kW maximum, 618-kW 
normal, 3-kV, 3-phase, 50-cps. 


HARBOUR RADAR STATION 
AT SOUTHAMPTON 

A Decca Type-32 harbour-radar system has just been 
put into service at the port of Southampton by the 
Harbour Board. With a commanding view of Southamp- 
ton Water and the Solent, the radar aerial is sited on Cal- 
shot tower and has become a new and conspicuous land- 
mark at the southern end of Southampton Water. The 
Decca Type-32 radar will now be providing continuous, 
up-to-the-minute information on all shipping in South- 
ampton Water, and in the approaches from the east and 
west Solent. The compiete installation at Calshot, which 
consists of the Decca harbour-surveillance radar and 
Marconi VHF R/T communication service, provides an 
advanced port operation and information service, which 
will be maintained throughout the 24 hours, in any 
weather, providing all possible information and help to 
shipping and maintaining a regular, safe flow of traffic. 


INTERNATIONAL CONFERENCE ON 
TRAINING METHODS 

The International Conference on Modern Training 
Methods, organized by the European Productivity 
Agency, was held at the Auberge des Quatre Tilleuls in 
Poigny-la-Forét, near Rambouillet, from January 21 to 
24, 1958, and was attended by some sixty delegates from 
European free-trade unions affiliated to the International 
Confederation of Free Trade Unions and the Inter- 
national Federation of Christian Trade Unions. All 
delegates were from trade-union educational and train- 
ing establishments, and discussions were held on how to 
give their members (leaders and the rank-and-file) the 
best possible training to keep abreast of modern develop- 
ments. The director of the Department of Education of 
the American trade unions also took part in these dis- 
cussions. 

The particular interest to the European Productivity 
Agency of such conferences is that the trade-union edu- 
cational programme is tending nowadays to take on a 
more technical character, based on modern technological 
and economic conditions in industry, and with an eye to 
those that may arise tomorrow. This trend meets two 
requirements, i.e., that of ensuring that trade-union 
activities will be guided by a deeper knowledge of all the 
considerations that apply to the question in hand, and 
the longer-term requirement of enabling European prob- 
lems, such as those which will fall within the scope of 
the new European organizations. These aspects lift the 
conference out of the realm of trade-union domestic 
affairs and give it general importance as affecting indus- 
trial relations in the Europe of the future 


NEW STANLEY HAMMER FACTORY 

Designed to give maximum production within the 
minimum of space and with an economic labour force, a 
new hammer factory, incorporating a number of struc- 
tural innovations, has been opened by Stanley Works 
(G.B.) Ltd., at Ecclesfield, near Sheffield. Constructed 
to the most modern standards to accommodate new 
manufacturing processes, the 30,000-sq ft building fea- 
tures the exclusive use of side-admitted natural lighting, 
the conventional top-lighting system being avoided to 
overcome cleaning difficulties tied with the problem of 
window-obstruction through heavy atmospheric pollu- 
tion in industrial areas. 

The factory, which was officially opened on January 
8, comprises a machine shop and forge, together with 
boiler and air-compressor rooms. The design allows for 
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potential three-directional extensions. Standing on a 
five-acre site, the road frontage of the factory presents 
a long stretch of glazing with overhanging eaves, in con- 
trast with a simple brick panel at the end of the office 
wing. 

The machine shop, which measures 210 » 80 16 ft 
is a bolted steel structure of normal design. It carries a 
metal deck roofing system on subsidiary purlins, finished 
with j-in. insulation and mineralized felt, laid to fall to a 
central roof outlet, eliminating the need for external 
rainwater pipes. The whole main structure is of alumin 
ium. A completely unobstructed clerestory, 4 ft deep 
runs around the perimeter of the machine shop. This was 
contrived by carrying the end walls of the machine shop 
and the walls of nearby office accommodaiion and 
ancillary buildings to a height of only 12 ft. Access to 
the machine and forge shops is by electrically operated 
shutter gates ; unloading gantries and overhead tracks 
are used extensively 

The dimensions of the forge shop are 84 50 
20 ft. The building is of normal steel-shed construction 
with combined asbestos sheeting, giving a clean internal 
finish and an external appearance which is smoother 
than the conventional corrugated surface. A continuous 
ridge ventilator, used with a controlled low-level side 
ventilating system, deals with problems arising from 
excessive heating. Heating is by means of a fully auto 
matic dual-boiler installation, which operates on light 
fuel oil, in conjunction with a medium-pressure radiant 
panel system, using narrow-width radiant panels 
mounted vertically above the lower range of ventilators 
to give dry conditions for materials storage. Fluorescent 
lighting is used in the machine shop. Tungsten lighting 
is installed above the machines and the forge shop 
Facilities for interchange and re-arrangement of the 
fluorescent lighting fittings are introduced by a con 
tinuous trunking system 
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POSITIVE REMOTE CONTROL 








Wherever the application of an 
efficient positive remote control 
system is required the ARM- 
STRONG Unit provides a simple 
effective answer. Easy to install, 
rust-proof, permanently self- 
lubricated and temperature 
corrected, neither the ‘Slave’ or 
‘Master’ units need maintenance. 
Amongst innumerable applica- 
tions, flue damper controls, 
built in systems for Machinery 
Controls and Motions, remote 
gear shift operations, jig latching 
and valve control, etc., are 
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RPADYNE Universal Traverse Unit 
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for Progressive and 


Dwell Hardening 








This Radyne unit has been designed to 
facilitate the handling of parts to be heat 
treated. Two types are available, 2 ft. & 
4 ft. A three-speed, hydraulically driven 
traverse mechanism enables different depths 
of hardness to be obtained in one pass. Cali- 
brated controls are provided for easy setting 
up. Accessories include a quench tank and 
two timers to control dwell and quench times. 
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NEW 10}-IN. BAR MILL 


As part of its general modernization programme, 
Sanderson Brothers and Newbould Limited, of Sheffield, 
are now bringing into operation a new 104-in. double-duo 
bar mill, made by The Brightside Foundry & Engineering 
Company Limited, and intended to replace two existing 
mills. A mixed rolling programme of high-speed steels, 
tool steels, and alloy steels, including steels for bright 
turning, will be handled. The mill is fitted with roller 
bearings and will roll to close dimensional tolerances. 
The double-duo design was chosen because of certain 
advantages not obtainable with three-high mills, includ- 
ing better size control, elimination of dead passes, and 
flexibility in operation. 

In the new mill, it will be possible to finish in any 
of the last three stands out of a roll train of five, and the 
floor is arranged accordingly. The maximum length of 
bars will be 60 ft and the sizes rolled will be from { to 
1? in. round, and equivalent bar sections and flats up to 
3 in. wide. Rolling speed is 300 to 900 fpm. Two existing 
buildings have been joined to accommodate the mill, and 
the general arrangement permits a ready transfer of 
finished material to the heat-treatment and bright-bar 
departments. 

The roll train comprises a reduction-gear drive, with 
input and output flexible couplings, combined mill 
pinions and diagonal gear set, five stands of double-duo 
roll housings, and universal-type mill couplings. Provi- 
sion is made for the installation of a sixth stand of rolls, 
if desired. The roll housings are of cast iron, fitted with 
cast-steel chocks and roller bearings. The top rolls and 
their chocks are balanced by springs and suspension 
bolts, adjusted vertically by forged steel screws operated 
by swivel levers and notched discs. 

A supply of river water for cooling the rolls is provided 
by a pump capable of delivering 400 gpm. Tanks are 
fitted on each housing, the water level being controlled 
by a ball-operated valve in each tank. The water is 
directed onto the rolls by a flexible coolant hose, carrying 
the scale through a scale pit into a collecting pit which 
can be cleared, as required. To facilitate roll changing, 
spare housings are provided, to enable two complete 
stands of rolls to be prepared with the mill in operation. 

For the time being, billets will be heated in a con- 
tinuous-type pulverized-fuel-fired furnace, which served 
the previous 10-in. mill. To maintain production, this 
mill has been kept in operation during the building of the 
double-duo mill, but, once the double-duo mill is in full 
operation, the old mill and its steem engine will be dis- 
mantled and additional billet furnace capacity added. 
Live roller gear is provided for the transmission of billets 
from the furnace to the roughing stand. Hot cogging 
shears are installed adjacent to the roughing stand, for 
use when required. 

Live roller gear is provided to carry the finished 
material to the hot saw or shears. Power-operated 
transfer gear is fitted on the outgoing side of the mill to 
move bars from the last three stands across the floor to 
the live roller gear, the transfer gear consisting of seven 
chain-type skids. Finished bars will be removed by an 
overhead crane to a despatch section at the end of the 
mill. Bars for hardening and tempering, normalizing, or 
annealing will be placed on stillages arranged at the side 
of the bay in the finishing section, whence they will be 
picked up by the revolving charging machine in the ad- 
jacent heat-treatment department and charged directly 
into the heat-treatment furnaces 

The mill floor and finishing section will be served by a 
newly installed three-ton overhead clectric travelling 
crane. An existing overhead crane already serves the 
despatch section and an 8-in. mill, which, for the time 
being, will continue to operate in this part of the bay 
Mill lighting is by a mixture of tungsten and mercury 
fluorescent lamps, giving an average illumination of 
20 lumens per square foot. Cloakroom accommodation 
for the workpeople and a new mill office are to be erected 
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Classified Advertisements 


The rate for all classified advertisements is 9d. per word: in bold 
print \s. per word: minimum order 10s. Box-number advertisements 
ls. extra. Instructions, together with remittance, mist be received not 
later than the \st of each month for advertisements to appear in the same 

month's issue 





OSMOND 
CUTTING OFF MACHINES 


A. & S. OSMOND. LTD 
13 DOWRY SQ., BRISTOL 


Telephone 
Bristol 27604 











NEW BALL & 
ROLLER BEARINGS 


OVER 4,000,000 IN STOCK 


IN MORE THAN 4,000 TYPES 


BRITAIN’S LARGEST STOCKS 


WRITE FOR NEW STOCK LIST 


CLAUDE RYE BEARINGS 


895-921 FULHAM ROAD, LONDON, S.W4 
Telex 23453 


qaiffep 


Renown 6174 (Ext. 24) Cables: Rybearings, London 














THE SPECIALIGT FOUNDRY 





The Specialist 
for 
BLACKHEART MALLEABLE 


IRON CASTINGS 


Foundry 


HEAT & ABRASION 
RESISTING ALLOY CASTINGS 


Manufacturers of 


“PULMAC” 
PULVERISING MILLS 


Follsain-Wycliffe Foundries Limited 


LUTTERWORTH, NR. RUGBY Tel. 10,604 152 














Taking the measure of HARDNESS 


The Vickers Portable 
Hardness Tester 


The Vickers Portable Hardness Tester incorporates 
all the well-known features of the Vickers Pyramid 
Hardness Testing machine. The standard Vickers 
Pyramid Diamond Indenter is used in conjunction 
with the Micrometer Ocular, so that all readings 
obtained are the internationally recognised VPN. 
Combined with this accuracy is a portability which 
enables it to be used over an exceptionally wide 
range of applications, and it is particularly useful 
for large and heavy components which cannot be 
tested by the standard Hardness Tester. 


The Vickers Pyramid Hardness Testing Machine— 
compact in size and comprehensive in service, it enables 
immediate and precise testing to be carried out at the 
place of production. 


The Vickers Portable Gear Hardness Tester— 
similar in principle to the general purpose Portable 
tester, but specially developed to measure the hardness 
on the pitch line of gears. 





Tel: METropolitan 8877. 





Taking the hardness of a large-diameter shaft 


Please send for a catalogue giving full details. 


VICKERS - ARMSTRONGS 


(ENGINEERS) LIMITED 
13 City Road London E.C.1. 


*Grams: Vicksbox, Ave., London. 
TGA. CH6t 





TO INDICATE CONTROL OR RECORD 
TEMPERATURE 


For accuracy, ease of reading, robustness, economy 
and long, trouble-free life install Rototherm Thermo- 
meters, Controllers and Recorders. Specialists in 
bi-metallic applications. 
Write for details 


ototherm 


BI-METAL MERCURY-IN-STEEL VAPOUR PRESSURE 
THE BRITISH ROTOTHERM CO. LTD. 
Merton Abbey, London, S.W.19. Phone: LiBerty 7661 
Midland Factory: Hollis St., New Basford, Nottingham 77847. 








Type NX, X & CY 
CABLE CLIPS 


are 
QUICKER, SIMPLER, SAFER 


These non-metallic, high-dielectric cable clips provide the 
safest means of securing cable looms and components in 
all radio and electrical equipment. They are manufactured 
in both nylon and P.V.C. in an extensive range covering 
all wiring requirements. Specially designed radiused 
edges, non-chafing, anti-corrosive. Fully tropical. 
Approved all services. 









ee 


idatcMe elle aap 


Saves time and money 

Non-metallic. Fully Tropical. 

Here is a Bush designed for instant 
assembly by a simple snap on finger 
action. Completely secure under all 
working conditions. 

High Dielectric. Approved all Services. 
Samples and literature available on 
request. 


INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leestone Ave., Wythenshawe, Manchester. 
Tel: Wythenshawe 2842 and 3163 





A90 


THE ENGINEERS’ DIGEST 























BOOKS RECEIVED 


Gas Turbine Materials. By G. Lucas, Ph.D., B.Sc., A.1.M., and 
J. F. Pollock, B.Sc., B.Com. 174 pp., 47 illustrations. Publishers : 
+ ag Press Limited, Bowling Green Lane, London. E.C.1. Price : 

|-. 

The gas turbine depends for its practical realization as much on 
metallurgical as on aerodynamic advances, and in this book, which is 
a survey of high-temperature materials and their applications to the 
gas turbine, the authors show how material requirements arising from 
operating conditions in the gas turbine are being met by the current 
range of alloys. 

As Dr. A. T. Bowden says in his Foreword :—** The excellent 
survey which has been made by the authors of this book on the manu- 
facture, properties, and use of special materials for gas turbines will 
be read with considerable interest, and will, without doubt, be found 
most helpful in the use and selection of special materials by designers 
and users alike.’’ 





Indeterminate Structural Analysis. By J. Sterling Kinney. 668 pp., 
760 illustrations. Publishers : Addison-Wesley Publishing Company, 
Inc., Reading, Mass., U.S.A. (U.K. Distributors, Academic Books 
Ltd., 129 Queensway, London, W.2. Price : 76/-. 

Providing an extended introduction to indeterminate structural 
analysis, this excellent book, intended for students and practising 
structural engineers or architects, has a coherent, lucid, and interesting 
presentation. Although the text is introductory, it is not elementary 
in the usual sense, because of the extended treatment of many of the 
subjects considered, while the theoretical discussions and solutions of 
examples presented are exceptionally comprehensive and detailed. 

After a brief history of the evolution of structural theory, the 
theoretical foundation on which the rest of the book is based is 
developed. Detailed discussions and demonstrations of those methods 
most frequently used in the analysis of indeterminate structures are 
included in the book, together with the general method of Maxwell, 
as modified by Mohr and Miller-Breslau, the method of least work, 
and an introduction to the column analogy. Other chapters are 
devoted to discussion of the method of moment distribution, the slope- 
deflection method for both prismatic and non-prismatic members, 
influence lines for indeterminate structures, the analysis of arches by 
either the elastic or the deflection theories, and the basic principles and 
methods of direct and indirect structural model analysis. 


FBI Register of British Manufacturers, 1958. 1138 pages. Published 
for the Federation of British Industries by Kelly's Directories Limited, 
186 Strand, London, W.C.2., and Iliffe & Sons Limited, Dorset House, 
Stamford Street, London, S.E.1. Price : 42/-. 

As always, this new edition (the 30th) of the FBI Register is a 
comprehensive and accurate guide to a substantial cross-section of 
British industry, listing the products and services of over 7500 member 
firms under more than 5400 alphabetical headings. 

In addition to the Classified Buyers’ guide, there are seven other 
sections in the Register, giving addresses of companies and firms, and 
valuable information about trade associations, proprictary names, 
trademarks, etc. A feature providing a useful reference for buyers not 
fully conversant with British product terms, is the inclusion of French, 
German, and Spanish glossaries, which give translations of every 
product term used in the main buyers’ guide, each being numbered for 
easy reference between the English headings and their translations 


Fluid Pressure Mechanisms. 2nd Edition, 1958. By H. G. Conway, 
M.A., M.I.Mech.E., F.R.Ae.S. 244 pp., 182 illustrations. Publishers 
Sir Isaac Pitman & Sons, Ltd., Parker Street, Kingsway, London, 
W.C.2. Price: 32/6. 

Since the first publication of this excellent book in 1949, many 
developments have taken place in the manufacture and use of light- 
weight precision industrial hydraulics. As a result, in this second 
edition, revisions have been made, mainly to repair omissions and to 
add mechanisms previously overlooked. In addition, many new 
diagrams have been added, together with new material on slide valves, 
jacks with force limitations, three-position jacks, special couplings, 
synchronization systems, and servo-systems. 

he book comprehensively covers the mechanism of fluid pressure 
equipment and systems, i.c., hydraulic, pneumatic, and high-, medium-. 
and low-pressure compressed-gas systems, It is not concerned with 
detail design or constructional features, but rather with the essential 
principles of the various devices discussed, how they work, and how 
they differ from each other. As such, there can be no doubt that it will 
be of great value to mechanical engineers in general 


Thermodynamics for Chemical Engineers. 2nd Edition, 1957. By 
Harold C. Weber and Herman P. Meissner. 516 pp., 154 illustrations 
Publishers : John Wiley & Sons, Inc., New York, and Chapman & 
Hall, Ltd., 37 Essex Street, London, W.C.2. Price : 68 

Covering engineering thermodynamics and including an extensive 
discussion of thermodynamic efficiency, this authoritative book 
approaches the subject of thermodynamics from the viewpoint of both 
the engineer and the chemist, making it possible to translate findings 
from chemical! laboratories into the economical! production methods 
of modern industrial plant 

This new edition includes an expanded treatment of fluid flow, 
together with descriptive chapters on power cycles, engines, turbines, 
and refrigerators. In addition, many illustrative examples with solu- 
tions are given, together with many new problems, all of which are 
designed to make readers think, rather than calculate. Moreover, 
Professors Weber and Meissner stress the use of approximate methods 
of calculation, when complete data are lacking 
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LATEST INDUSTRIAL LITERATURE 


1. Mechanical Power-Transmission Catalogue. A new illustrated cata 
logue of nearly 240 pages should undoubtedly prove of great value to 
all those interested in the subject of power transmission, providing, as 
it does, a comprehensive list of products available in this field 

Among other items listed is a wide range of V-belts for virtually 
every type of application, a similarly comprehensive range of flat 
beltings, V-belt drives and pulleys, and bushes. In addition, details are 
included of a variety of mechanical leathers and seals, roller chains 
and chain sprockets, chain drives, anti-vibration shear- and com 
pression-type mountings, single- and double-reduction speed-reducing 
gearboxes, plate and centrifugal clutches, variable-speed drives, and 
rigid and flexible couplings of various types 





2. Engine-Testing Equipment. Basically designed and manufactured 
to meet the special educational requirements of various technical 
colleges and engincering training establishments, the engine-testing 
equipment described in a well-produced 16-page brochure comprises 
an internal combustion engine, a dynamometer, an indicator, an air 
tank, and a fuel-consumption meter, all combined in a single unit and 
conveniently mounted on a common baseplate. With this equipment 
it is possible to determine efficiency at variable load, heat balance 
torque, fuel consumption, etc 

Various types of this standard equipment are illustrated in the 
brochure, but test units based on special specifications can be designed 
and manufactured, as required 


3. Introduction to Copper. A new publication of about 80 pages 
neatly produced and illustrated, describes in clear and simple language 
where conoper is found, how it is extracted from its ores, how it is 
fabricated, and the various uses to which it is pul, together with refer 
ence to the many important copper alloys By virtue of the concise 
yet informative, method of presentation of the subject, there can be 
no doubt that this book is not only of general interest but should also 
prove useful as a teaching aid in schools 


4. Chemical-Plant Linings. Based on a combination of extensive 
research and manufacturing facilities, supported by field experience 
a complete service described in a 64-page illustrated manual ts 
intended for the supply and application of heavy-duty rubber and 
allied linings against corrosion in chemical plants 

In this manual, the present methods, materials, and service are 
detailed for the assistance of all who seek elimination of the problem 
of corrosion. However, to ensure that this information is current at 
all times, the manual is in loose-leaf form, facilitating the insertion of 
additional data sheets as new materials and services become available 


5. Pneumatic Pit-Tub and Mine-Car Retarder. Specially designed for 
reducing the speed of fast-moving tubs and mune cars without any 
manual control, the pneumatic retarder described in an iliustrated 
4-page leaflet is automatic in operation and is a self-comtained unit 
The machine is simply bolted down in the track, where required to 
operate, and is not dependent on any external supply of compressed 
air 

Tubs or cars can be allowed to run into the retarder either singly 
or in numbers, but they will be released one at a time only at the 
predetermined speed for which the retarder is set. The adjustment for 
any particular case can be effected in a few moments 


6. Hydraulic Remote-Control Units. Designed to meet the many 
requirements for simple, but efficient, manually operated remote 
control gear, the hydraulic units described in an illustrated 2-page 
leaflet have a positive two-way action, with power opening and power 
closing. Both the master and slave units are casy to install and are 
rust-proof, vibration-proof, permanently self-lubricated, and tem 
perature-corrected. In addition, the slave unit is quite independent of 
the master unit, and all working parts are totally enclosed and require 
no maintensnce, while the connecting fluid lines may be bent to follow 
any desired course. Moreover, there is a positive locking action 
throughout the operating radius and the system is leak-proof! 

Applications of these control units include operation of fue 
position indicators, remote locking controls, and window actuator 
the windows being automatically locked in any position, without the 
risk of being moved by wind or any other agency 
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Stampings 





Yen YMM0M@qolee "3 







Hot Brass 
Pressings 
and 
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Brasswork 








in Brass, 
Gunmetal 
and 
Phosphor 
Bronze 
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Equipment 
for the 


LP-Gas 
Industry 


For over fifty years we 
have been helping manu- 
facturers with their 
problems. Can we help 
you with YOURS? Right 
quality, right price, 


prompt deliveries. 





WRIGHT, BINDLEY & GELL LTD. 


PERCY ROAD - GREET - BIRMINGHAM II 
Telephone: SPR 4491 Telegrams: ‘‘Bindley’’ B’ham 
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AL ED 
F . . 
/ 7 ; 
VY Lualley | 
STEEL ) 
The Nitriding Process for 
Case-hardening Special Steels 
by Nitrogen Offers ; 


& Surface hardness up to . 
1100 D.P.H. 


Retention of full hardness 
after heating to 500°C. 


frictional wear and 
fatigue. 


© 
& Maximum resistance to 
& 


Improved resistance to 
corrosion by water and 
steam. 


Particulars from: 
NITRALLOY LIMITED ATLAS WORKS 
SHEFFIELD, 4. 


Telephone: Sheffield 26646. Telegrams: *‘Nitrallioy, Sheffield’’ 














RAW STHORNE 


BULLOCK STREET WORKS, BOLTON 
Telephone : | 143 Established |860 
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All Types of 
AUTOMATIC AND CAPSTAN 
Bar Work 


REPETITION ENGINEERS 











O doubt about it—for the very 
best in repetition engineering, \\ —_—ca 
FORDSMITH is a name which speaks —— 
for itself. Drop us a line—we should be 
pleased to send you our leaflets or to gyyunnnuiies Ly 
‘ 


quote you for any repetition parts you 





may require, standard or special. 


H. FORDSMITH LIMITED 


Hadfield Street Works, Cornbrook, Manchester 16. Trafford Park 1615-6 


How hollow bored bars can cut your costs 








All over industry people are finding 
it's cheaper to use Keetona 
Hollow Bored Bars for applicatn 
covering a very wide field. Keeton: 
specialise in supplying Hollow 
Bored Bars: they've developed u 
process during 246 hard-thinking 
hard-working years. Where a jot 
can't be done by any other method 
because the quantities needed 

are too small, Keetons will d 
cheerfully by deep hole drilling at 
much lower cost than you'd exy 
For keen prices and quick 
delivery Kectona Hollow Bored 


Bars have the rest licked } 


Write for our new illustrated brochure telling you all about Keetona Hollow Bored Bars t 


KEETON SONS & CO. LTD. 


KEETONA WORKS, GREENLAND ROAD, SHEFFIELD, 9 TEI SHEFFIELD 42961 4 4 


A MEMBER OF THE FIRTH CLEVELAND GROUP FC, 
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YOURS for the Asking 





LEARN HOW TO:— 
SPECIFY, 

TEST, 

USE, 


SHERARDIZING 





ZINC ALLOY 
RUST-PROOFING CO. LTD. 


SHAKESPEARE STREET, WOLVERHAMPTON 
TELEPHONE: WOLVERHAMPTON 20647/8/9 
ALSO AT LONDON © ROCHDALE 














> a For increased efficiency... 
Flxdlo 


\ put it on X Castors 


‘Putting it on castors’ is certainly the way to speed things 
up, and to an amazing extent when the right castors are 
used for the job. The varied uses of Flexello castors are 
virtually limitless. They are used in nurseries and steel 
mills, aircraft plants and beauty parlours. Flexello has 
the range, the service and facilities to make castors the 
true servant of the production manager, the hospital mat- 
ron, the restaurant manager or the storekeeper. Closest 
inspection, superior 
design and up-to-date 
production methods 
have made Flexello 
the largest castor 
manufacturer in 
Europe. 






CONSTANT QUALITY 462, 
Only a very small section of « a o 


our range is shown here CASTORS 


Please send for catalogue J 
No. 156 ED or a technical : 
representative for industrial 

advice. 

iis ] FLEXELLO CASTORS & WHEELS LTD., SLOUGH, BUCKS. Tel: SLOUGH 2412! 
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YOU DONOT 
THROW AWAY THIS 
GOGGLE WHEN THE 
WINDOW /§ DAMAGED 


\ 








Most industrial goggles are fit only for the 
scrap heap when the windows get scratched. 
Not so with BIRMITE and BIRFLEX 
Goggles—THEY HAVE REPLACEABLE 
WINDOWS. They give unlimited life from 
the original pair. This is not only good 
economy but is sound common sense, for 


no worker will risk his eyes - 


when a new window can 
rN 18) 
* GIRFLEX opaque polythene frame and dark green 


be fitted in a few minutes. 
tunted window—approved tor gas welding without flux 


WINDOWS REPLACED IN ONE MINUTE. .OWNLY 1/6 EACH 
Types available 

*& BIRMITE rigid plastic frame and clear window 

% BIRFLEX pliable polythene frame and clear window 





goggle. 














No employer will begrudge 
the low cost of replace- 
ment windows, as it pro- 
longs the life of the 

INDUSTRIAL GOGGLES % BIRFLEX (anti-glare) pliable polythene frame with 

y either light green or smoke tinted windows 

*& BIRFLE X MAIJOR for workers who wear spectacies 
cost 72 - per dozen, replacement windows | /9 each 





Features include Frames and windows 
moulded to facial contours, ventilation grids 


adjustable elastic headband THE MOST 
POPULAR GOGGLE ON THE MARKET, DIRECT TO YOU FROM 


Somples will be sent on request (returnable SOLE MANUFACTURERS 60 
within 7days if not required) 











Please address your request to: Dept. A PER DOZEN 
&. ELLIOTT LTD. Head Office & Works: 315 Summer Lane, Birmingham If 
Tel: ASTon Cross 1156-7-8-9 





















ue vcar wae ENERGY LIMITING | 


REWIREABLE FUSE LINKS 7) 





This range of Acrofiex Fuses has a proved breaking 
capacity of 46 KA and a standardised fusing factor of 
1.25, Known as the AD and FC types, they are fully 
interchangeable with their predecessors, the AF and CM 
patterns, and, of course, they are rewircable—fuse links 
are not discarded when blown, they can be returned for 


’ . a prompt replacement in our rewiring service scheme 
C h aracteristics Send for Publication CF.2. 


Parmiter Hope & Sugden Ltd 


MANCHESTER 12. 


Birmingham: 39/41, Carrs Lane, 4 


Advanced 


London: 34, Victoria St.,S.W.1. Glasgow: 5, Somerset Place, C.3 
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Movement costs of raw materials or finished products 
are reduced to an absolute minimum by the instal- 
lation of Spencer handling plant. The conveyors 
illustrated at this C.E.A. Generating Station are 
typical of the modern machinery designed and manu- 
factured by us for reducing handling costs over the 
whole field of industry. No firm possesses wider 
experience in meeting this need and our accumulated 
knowledge is at your disposal. 

Eight conveyors of centres up to 660 feet and capaci- 
ties varying from 260 to 400 tons per hour are used 
in this plant to convey coal from ship or stock pile 
through sampling, screening, crushing, and weighing 
equipment to bunkers over the boiler house. 


SPENCER 


HANDLING PLANT 


SPENCER (MELKSHAM) LTD. 
MELKSHAM - WILTSHIRE 


Branch Offices : 
Ingersoll House, 9, Kingsway, London, W.C.2. 
34, Castle Street, Liverpool 2. 








Tel: Covent Garden 1800 
Tel: Liverpool Central 3738 


A% 





Engineering 

Wires in Round, 
Square and Hexagonal 
sections. Bright drawn 
or centreless ground in 
Mild Steel, Commercial 
or Freecutting quality, 
and to a wide range of 
E.N. and other specifications. A./.D. approved. 
THE 


SPENCER WIRE 


COMPANY LIMITED) WAKEFIELD 
Telephone Wakefield 6111 (10 lines) 
Telex No. 55160 
DaW 258ED 





Telegrams Spencers, Wakefield, Telex 








TRANSAX PINS CUT COSTS 
Use Transax Pins for your 
new designs and wherever 
solid taper or parallel pins 

are fitted. Save on 
machining and labour 
costs. No accurate drilling. 

No reamering or special 
machining. No skilled 
assembly. Transax Pins can 

be quickly and securely 
fitted by unskilled labour. ered trode 

Write for further details. mark. 


G - A - STANLEY PALMER LTD 


MAXWELL HOUSE, ARUNDEL STREET, LONDON, W.C.2 
Telephone: TEMple Bor 3721/3. 





**TRANSAX"’ 
is a regis- 
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There’s no limit to 
the versatility of 


RICHARDS 














We are equipped for machining on Single and 
Multi Spindle Autos from }” to 3” diameters in 
Free Cutting Mild Steel, Brass, Alloy Steels, etc. 
Turning, Milling and Grinding capacity available. 








CHARLES RICHARDS & SONS LIMITED 
IMPERIAL BOLT AND NUT WORKS, DARLASTON, NR. WEDNESBURY 


Phone: James Bridge 3/88 (8 lines) P.B.X res “Riche De 
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PRODUCTIONS 


‘CLAYFLE X’ 
FLEXIBLE BEARINGS 


Provide for thes 
minon of power end 
vibration. They custo 


‘NYLASTIC’ apbjsuUSTABLE 
SUPPORT CLIPS 





Made in various sizes, tough, flexible 





require no lubricatior 

and light in weight Self-locking oe oe age i ae is vredueed 
© & varvety of stylet and sine 

with radiused inner surface. Earthing Our Technical Dept oo gledly 

or Plain types available in Saddle or advise On bearings to mee 

PP '' form perticuler epplicatior 


‘STIKASTRIP’ 


ADHESIVE SPONGE - RUBBER 
SEALING STRIP 


‘NYLASTIC’ 


BEARINGS 





hor oscillating end rotary apple 





trons these bearings ere Congne 
to bring veers the full benetn of 
ideally suited for all sealing purposes Pivtestie 85 & eerinn materie 
absorbing vibration and weather Having © reletively low coof 
sealing. Easy to apply and economical coent of frictson. Myles provide 
in use Over 50 different sections s smooth silent bearing Chet ce 
opersete ander the most edverse 

available and supplied in 10 ft. rolls 


onditvone 


For further details of these HOWARD CLAYTON-WRIGHT LTD 


and other products write to 
Dept. E.D. 7. WELLESBOURNE - WARWICKSHIRE . ENGLAND 


Teleph Wellesb ne 316/78 ‘Grams | Clatenrite ' Wellesbourne 
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The right gauge for the job 


3” Dial Diameter 
Bottom Connec- 
tion Mounting 
MONOGAUGE. 





The size of the dial, means of mounting, 
working conditions and many other 
factors have to be carefully considered 
when selecting THE RIGHT GAUGE 
FOR THE JOB. We have a wide range 
of models and long experience of gauge 
usage at your disposal. 


David Harcourt Ltd. 
LINKULA WORKS, 
COVENTRY ROAD, BIRMINGHAM, 10 
Phone : Victoria 1051-1052. Grams: Linkula, Birmingham 10 


A member of SMITHS Industrial Instrument Division 
AP.252/13 





The cure for 
DRIPSOMANIA 


isa 
genuine 


(bile 
Opus 


CLIP 


L. ROBINSON & CO. (GILLINGHAM) LTD 
LONDON CHAMBERS, GILLINGHAM KENT., TELEPHONE 5282 





PF anous ~ Four Regns 


A98 





inside or outside<+ 
TS. 


UNIVERSAL | 
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invcaiagh soseafion Corb BaRket ROAD -LEIGESTER 
/ / ff Phone feicester 678622/3, \ 










Record score on 


REPETITION 


In 1958 we are still producing—among 
countless other Precision Repetition 
products in almost all metals and to 
the finest limits—the Standard Taper 
Pins which were our speciality over 
50 years ago. Latest addition to our 
service is a Cold Heading Section 
producing formed parts of a special 
nature—sizes from 4” to §° dia. and 
up to 6” long—in Mild Steel, High 
Tensile Steel and Non-ferrous Metals 


The DIAMOND 


SCREW & COTTER CO. LTD. 


Cherrywood Road, Bordesley Green, 
Bham 9. ‘Phofe ViCtoria 2748 PBX 
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Don’t guess at controlled 
atmosphere dew points... 


... measure them accurately, 
quickly with the ALNOR Dewpointer 


If your heat treating process demands a precision atmo- 
sphere, its dew point should be checked precisely.—This can 
be done quickly and accurately with the Alnor Dewpointer 
Instant readings with laboratory exactness can be obtained “ie Y 
easily by non-technical personnel. The complicatea physics - _ 

of dew point determination are reduced to a few simple, 

mechanical steps. 

There is no guesswork as when trying to observe condensation on a polished surface. The dew or fog 
is seen suspended in an enclosed chamber under conditions that can be controlled and reproduced 
again and again. 

Self contained, readily portable, requiring no external coolant or auxiliary apparatus, the Alnor Dew 


pointer operates on A.C. mains or on a battery. Anyone can become expert with it after a few minutes 
instruction. 





ELECTRIC RESISTANCE FURNACE CO. LTD 


NETHERBY, QUEEN § ROAD, WEYBRIDGE 


suURREY. Phone Weybridge tale 
Associated with Electric Furnace Co. Lid 


and Electro-Chemcal Engi 





STAINLESS STEEL 
HEAT RESISTING 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 


CYANIDING POTS 

CASE HARDENING BOXES 

CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM erc 
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look atit... 





it doesn't matter how you look ata P & G 
gauge-—or for that matter, how long you look 
atic. There's only one logical conclusion that 
you con reach. it's the most dependable 

the most efficient—the most accurate gauge you 
can get today—whichever way you look at it 
The capsule gauge itiuetrated (calibrated, of 
course, in the position in which it will operate 
is only one of the many special gauges 
manufactured to meet the needs industry 
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KETTERING. 





REGD. TRADE MARK. 


HYDRAULIC CONTROL 
SAWING 
MACHINES 


Unique in design. Proved in practice. 
One simple setting and it is capable of 
dealing with any section within its 
range with blades of one pitch of 
tooth. The blade commences and 
finishes each cutting stroke with no 
pressure whatsoever. 

What a saving in blades! 


Famous for speed, accuracy and 
reliability. 


Tel.: Kettering 3113. 





SHEET METAL PRESSINGS ~ 


ANY METAL, ANY FINISH 

ANY QUANTITY 

CAPSTAN AND AUTOMATIC 
WORK AND ASSEMBLIES 





GRIFFITHS, GILBART, LLOYD, & CO. LTD. rr PSsirincuans 


Telephone: NORTHERN 622! 


A104 
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CALDWELLS “" STAINLESS STEEL 


‘Chemical Plant, 
Mixing Vessels, 
Storage Vessels, 


Tanks, Ducting, 


Piping, Flanges. 
SPECIALISTS IN STAINLESS STEEL 





AND MILD STEEL FABRICATION. 





CONSTRUCTIONAL STEELWORK. 





CAPSTAN AND REPETITION WORK. 





‘END YOUR ENQUIRIES TO 


[. CALDWELL & SON 


ST. JOHN STREET, BOLTON 


Est. 1877 Phone BOLTON 3672 (2 lines) 








SPECIAL ANTI-CORROSIVE 
“EPINAMEL LININGS 


for 


STORAGE TANKS - MOBILE TANKS - CHEMICAL PLANT 


A newly developed process resistant 
to abrasion and corrosion and to the 
action of chemicals, water and propellent 
fuels. Possessing maximum hardness 


without brittleness 


_ HOLDENS | 
EPINAMETL 


FULL DETAILS FROM 
ARTHUR HOLDEN & SON LTD., BORDESLEY GREEN RD., BIRMINGHAM? 
TELEPHONE: VICTORIA 276! (7 Lines) 2655 





British Built 


Culomatic 
TAPPING & 
THREADING 
MACHINES 


Fast and easy to operate, these machines meet the most 
stringent demands of modern mass production. Their 
outstanding features include entirely automatic tapping or 
threading operations, a wide range of speeds, and precise 
limitation of feed depths; the spindle is fed and returned at 
the exact pitch. The range includes bench, column and a 
radial type. Capacities from 3/16” to 1.3/16" (4.75 to 
30.16 mm) thread diameter, in steel. 


Please ask for catalogue 
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BURTON GRIFFITHS & CO., LTD - KITTS GREEN - BIRMINGHAM 33 
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